SPECI FI CATION Title of the Invention: Wter-Reactive Al -Based
Conposite Material, Water-Reactive Al -Based Thermally Sprayed Film
Process for Production of Such Al -Based Thermally Sprayed Film and
Constituent Menber for Film Form ng Chanber Technical Field [0001]
The present invention relates to a water-reactive Al -based conposite
material, a water-reactive Al-b%@%g'gggé |ly sprayed film a nethod
for the production of such an A & Iy sprayed filmand a
constit ugnt; JRIDRE f pL @ dii T formi ng chanber and, nore particularly,
the present 1nvention pertains to a water-reactive Al -based conposite

mat er i al yakdeReeRe S a3 -Baisedi Canisbslitel MR@EROAR] CHatdERIaREiGe Al-
wat er-reactive Al -based thermally sprayed film which consists of

t hi s wat BasedZeeimal 1at Shimyed Ridimp dtacessdicar Rrgducsimeoff sgichdyl -Based
production of such an Al -based thermal|ly sprayed film and a ,
const i t UERR IR SPEBYSR F+¥%nF%F%FHBSEKEW%E%%“ﬂﬁ?éhfPE ELVTHO™ e h

this A-bé&g&xgpernally sprayed film Background Art

Technical Field
[coo01]

The present invention relates to a water-reactive Al-based
compositematerial, a water-reactive Al-based thermally sprayed £ilm,
a method for the production of such an Al-based thermally sprayed
film and a constituent member for a film-forming chamber and, wmore
particularly, the present invention pertains to a water-reactive
Al-baged composite material which comprises In, Si and Ti
incorporated therein; a water-reactive Al-based thermally sprayed
film, which consists of this water-reactive Al-based composite
material; a method for the production of such an Al-based thermally
sprayed £ilm; and a constituent member for a f£ilm-forming chamber,
which i1s covered with this A-based thermally sprayed film.
Background 2Art
[0002]

In the £ilm-forming apparatus for forming a thin film according
to f£ilm-forming technicues such as the sputtering technique, the
vacuum evaporation technique, the ion-plating technique, and the
CVD technicue, a film of a metal or a metal compound constituting
a film-forming material is inevitably adhered to the constituent
member for the film-forming chamber to be arranged within the
film-forming apparatus, during the film-forming process. As such

constituent members for the film-forming chamber, there canbe listed,



[ 0002] In the filmform ng apparatus for formng a thin film
according to filmform ng techni ques such as the sputtering

t echni que, the vacuum evaporation technique, the ion-plating

techni que, and the CVD technique, a filmof a netal or a netal
conmpound constituting a filmformng material is inevitably adhered
to the constituent nenber for the filmform ng chanber to be arranged
wi thi n t Rer fPFheReR nPRGoRpparat ddibdging o leke FNFCLRT fgYREesden
As such ¢ ituent. menbers for .the filmformng chanber, there n
bo 11t et Bt b REeELet Shb e r h o Srarash 5 A0 RaRR,
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a substrate, shutters, a mask for formng afilmonly on a desired
area of bhesisteist,r ahd, a anthyafor ayraneifelrring fatrdtrgtesbstr A1 Bs hatkihiyl m

having a conposition the sane as that of an intended thin film(the
thin fil & comnsitépnethe wameeas Uitadc efomn ardgpslefatain ifgla| fehe thin
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adher ed A dHieseest, i {teat coredberitat Bhedd achbergarsg-dieefdy Rised
chanber increases along with the increase in the operating tinme of
the fil mifhdhs figlipriceedsyg Phoeses aditerdihe rémpvalngt dheidgpdsd tpddidn.
off, in the formof particles, fromthe constituent nenbers for the
fil mforrﬁpﬂ@khanber. The formation of these particles of the adhered
films is cau b interpal_.str g in i | r
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such par bbgbesaan® ddvitradherad feorddansWilacecohity submdalforcthes

formation of such particles in turn becones a cause of various
def ect s alondneritdsuhei hgencaise fnlvhe Bperatirsy rdasonf thee ftimsidrmiegt
menbers for the filmform ng chanber are in general reused in the

filmfor REAEEPHT ocEaeSARPCERTHR (fidARCAY pastby & PRI eRTt o-rathefoey

of treatnents i ch rpses the .ste of the renoval @f-th .
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t hereof ; the renoval of the adhered filmthrough washing the

const i t ueatisa@bbeany, irmednhheatsebs egnenttedihate filmssrdigrtanyadtirests.

[ 0004] Accordingly, when used as such filmformng materials are, fo
generated therein due to the repeated heat history and such particles
are then adhered to the surface of a substrate. The formation of
such particles in turn becomes a cause of variocus defects of the
resulting thin £ilm. For this reason, the constituent members for
the film-forming chamber are in general reused in the film-forming
process after periodically subjecting them to a series of treatments,
which comprises the steps of the removal of the constituent members
from the f£ilm-forming chamber at such a stage that any adhered film
has not yet been peeled off from the surface thereof; the removal
of the adhered film through washing the constituent members; and
the subsecuent surface finishing treatment.

[o004]

Accordingly, when used as such film-forming materials are, for



i nstance, valuable netals such as Al, Mb, Ti, Cu, Ag, Au, Pt, Rh, Ru,
lr, Ta, W Nb, Zr, Re, N, C, V, Li, Co, Pd, Nd, In, and Se, alloys

of these nmetals, and oxides such as ITO 2ZnQO PZT and Ti 02, there has
been desired for the establishnment of any processing techni que

si mul t aneously serving as aneans for the recovery of these netals,

whi ch do not take part in the formation of a filmon the surface of a
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for the fil oL amier other, than .the.supstrate. and_a neans for
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filmformng apparatus, for avoiding the adhesion of any filmformng

mat er i al tlosrd Head roeen Welsisedf fohettie | eatfaildshgenppaf adms rubezsihde
surface of each constituent nenber for the filmform ng chanber
ar r angedtofibigye: sianrlitprepos Y AgrabphrauReans frr tha xacevrrsobsheaee,

in the MPFHATOr MHGRROGETs AP At Sty EPTIAC At Mo & PalcE. Ehe
deposi te%ﬁ%&é“%f*’%{‘b&ﬁ%tfg%t eﬂﬁjc)/aféegdﬁ’éré}r‘% BiNQds-sLoL Eﬁethe
of the foregoing il a 5 the

renoval mformng materials deposited on

const i t ueistitiRAES mafiBer f 66x | Figd afiCiin- folrRifqNabimsdr REHeeC ABGUEhe
the wet etching technique which nakes use of an acid or an alkali,
and t he $ubshinadependp mechsi foe thie causmkds these gfongid theat ogpabers.
enbri ttlfrrent t hrough the use of, for instance, hydrogerxperoxi de, as
wel | as 9&9§hln1rennving t echni queusi ng electrolysis. In this

connection, t ian-4.nhi bi ti .t he |- i Ltile
Gamaged que Coh AEGHAT L PO LB bR b inOE S bt g BOh 8 ablibhy
for the fenmedl, oh =5@¢imdepasidedypat-arisal Sor ARG HNE adhEdi ch of
constituent nenber is correspondingly limted in its nunber of reuse.

For t hi sameaSidm-fomeieg es:chseh desthrednher vhElgefeltbpnEilim-dforaing

filmrenoving technique which can reduce the dQ%ree of any possible
damage OFPRHFEAHhESFoRDI FRF BFWIiRgSpPAt 826R FIBTITKENh g rafor the
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deposi ted on e uent " nmenber s "an equent

the sameciged AWMan RnkheuMastL Lener abedy durdRghthhenar aahh&e 1Hatt Ree
foregoi ng sand bl asting nmethod or in the waste |iquor originated from

t he chemaatimeatmaanbers e treusedsirante, fAhm-afbwhiay pro@ddalafteirhe
cost required for the recovery of the valuable netals included in the

wast e or tRRdeRovRy el sHeBdmiEHPdE denpained om therrenharss tRrrently

ecove Y BLPSRILER MIBAL EAPLEL Lo, (I LR LR
di sposedy @8- MaslLdeposited on the constituent members are, for instance,
the sand blasting technique, the wet etching technique which makes
use of an acid or an alkali, and the film-removing technique which
makes use of the hydrogen embrittlement through the use of, for
instance, hydrogen peroxide, as well as the film-removing technicue
using electrolysis. In this connection, the adhesion-inhibiting
plate or the like is not a little damaged due to the dissolution
thereof when practicing the treatment for the removal of such
deposited materials. Accordingly, such a constituent member is

correspondingly limited in its number of reuse. For this reason,

there has been desired for the development of a film-removing



[ 0007] In addition, in the foregoing chemcal treatnent, it
has been desired to reduce the overall quantity of the chem cal
solutions or liquids to be used in the treatnent. This is because,
not only the chem cal solution or liquid, per se, used therein is
gui t e expensive, but also the cost required for the treatnment of such

a chemcal |iquid becones hi Moreover, the anount of the chem cal
sol ut i onteehigus whisde gea Blae éiesyes@fr sEviEassihleidapage ehéhe
prevention of. any. bl e enyi ron oI lLu Furt her nore, when
carryin n o t he
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fil mforrﬁb@@slrraterl al renpoved from an adhe5| on-inhibiting pl ate woul d
be converted into new chem cal substances and accordingly, a further
addi ti onal cosiresvgird De theqoomeshifreitibaodftiheg £fOImg ekprvel tag ankhe
the filmformng material fromthe deposits renmoved fromthe

adhesi oncom$i Hiventgnehlens apdrsulisequepbiy remorey fuem the mafer s Agw,

materials have presently been recovered, which ca ensate the
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conprising t t eps o practTcing a

filmforsiagapRaisids esineethdd,tdh actd®os binta1&al i MereefostovRfifded
with an Al -based fil mwhich consists of a water-reactive Al -based

conposi t Eomattier irsicolavy nof sueh vploplele inegaflsain¢ludssh inntdee geaste or
reaction within a water-containing atnosphere so that it can be nade
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(see, for instance, Patent Docunent 1 specified bel ow)

wat er - r eastwaseteAl - based conposite material consists of a conbination
of Al or an Al alloy and at |east one nmenber selected fromthe group
consi sti f8°®fl In and Sn, or an alloy of these netal materials. Prior

Art Literat Urg gﬁ&?@ioﬁo SR e foreg01ng chemical treatment, it has been

desirad to reduce the overall quantity of the chemical solutions
or liquids to be used in the treatment. This is because, not only
the chemical solution or liquid, per se, used therein is quite
expensive, but also the cost required for the treatment of such a
chemical licquid becomes high. Moreover, the amount of the chemical
solution or liquid should substantially be reduced in view of the
prevention of any possible environmental pollution. Furthermore,
when carrying out a chemical treatment such as one described above,
the film-forming material removed from an adhesion-inhibiting plate
would be converted into new chemical substances and accordingly,
a further additional cost would be required for isolating or
recovering only the film-forming material from the deposits removed
from the adhesion-inhibiting plate. For this reason, only the
film-forming materials have presently been recovered, which can

compensate the recovery cost.



[ 0009] Pat ent Docunent 1. Japanese Un- Exam ned Patent Publication
No. 2005-256063 Oficial Gazette (Clains) . Disclosure of the

| nvention Problens That the Invention is to Sol ve: [0010] It is
an object of the present invention to solve the foregoing problens
associated with the aforenentioned prior arts and nore specifically
to provige an Al -based conposite material which contains In, Si and
Ti and cah dergo a reaction within a water-containing environnment

so that it cag hesdiSapl V@ il WRlgoing methods for the removal of

deposited films, there has been known a technique comprising the
steps of practicing a film-forming process within a film-forming
apparatus equipped with a constituent member covered with an Al-based
film which consists of a water-reactive Al -based composite material
having such properties that it can undergo a reaction within a
water-containing atmosphere so that it can be made soluble in water;
removing and separating any £ilm deposited on the constituent member
through the reaction and dissolution of the Al-based film; and then
recovering, fromthe deposited f£ilmthus removed, the valuable metals
included in the film-forming material (see, for instance, Patent
Document 1 gpecified below). This water-reactive Al-based
composite material consists of a combination of Al or an Al alloy
and at least one member selected from the group consisting of In
and Sn, or an alloy of these metal materials.
Prior Art Literature
Patent Document:
[0009]

Patent Document 1: Japanese Un-Examined Patent Publication No.

2005-256063 Qfficial Gazette (Claims).

Disclosure of the Invention
Problems That the Invention is to Solve:
[0010]

It is an object of the present invention to solve the foregoing
problems associated with the aforementioned prior arts and more
specifically to provide an Al-based composite material which
contains In, Si and Ti and can undergo a reaction within a

water-containing environment so¢ that it can be dissolved in water,



an Al -based thermally sprayed fil mconsisting of this Al -based
conposite material, a method for the production of this Al -based
thermally sprayed film and a constituent nenber for a filmformng
chanber, which is covered with this Al -based thernally sprayed film
Means for the Solution of the Problens [0011] The

wat er-reacti ve Al -based conposite material according to the Aoresent

i nvent i ofi 8lchaiest tidied By SPRYh dorgoreatisa At ingt of ArhipfAlyhgseg

3. 5% by r 'y, 2. 9 f 1 .2 .o 0._5%:by
mmos of SR RREPIED KfieBpta 2o G piBEIr i B Pt Begiegs
mass andtH@f@amyeE}?f & £91rk 7 ah@ D c4B¥e P idiRSReber! FoPf R ¥ En RS ngf
the total anpunt o . [0012] If the Al -based conposite

mat er i al chasbetichhicit dapesktedwithhithiAl Abdsedd tremal ly spraggéd ifinl. m
derived fromsuch a material can easily undergo a reaction with water
wi t hi n aMeaeerfarkhgi fphetame$phbe Erefiams generati ng hydr ogen gas
and it Ci@ %{u]us be dissolved in water. [0013] In this respect,
if the ambb of In present in the conposite material is |less than 2%

by mass, the ﬂ@&gﬂéﬂ&eébﬂ@égﬂ-mg&ﬁ&wﬁ%%ﬁ&ﬁgh@c&eyaﬁnagea he

such a tendency that the reactivity thereof wth water i s reduced,

whi | e i f pkégeriduntnot o Nisexheeas-«di2¥ibyy n|aes intbepdrgibhi, nato AL,
Al -based thermally sprayed filmwould have such a tendency that the
reactivi 0§ 2herieof @it by viass apdcpnetexablyvedebythi PiP%ahy mdzs athdn,

thermal |y sprayed_fil maccordi ngl ndergoes a_reaction with the
ot st ur e5F B Ene B pHET s S k& Phash ARG (HE DLy

ggi te dipfiguly .o??é?téf}?m'b@%r%ﬁg%a%&ﬁ%%ﬁ to of7 kB é‘?ﬁﬂa b 4l of
nposite nateri a eads to a subst Ial 1 nCrease I n the pfoductlon
cost. Moreoyershd hastisecdftif totalhgms@ipes he.

[0012]

If the Al-based composite material has such a composition, the
Al-based thermally sprayed film derived from such a material can
easily undergo a reaction with water within a water-containing
atmosphere, while generating hydrogen gas and it can thus be
dissolved in water.

[0013]

In this respect, if the amount of In present in the composite
material is less than 2% by mass, the resulting Al-based thermally
sprayed £ilm would have such a tendency that the reactivity thereof
with water is reduced, while if the amount of In exceeds 3.5% by
mass, the resulting Al-based thermally sprayed £ilm would have such
a tendency that the reactivity thereof with water becomes extremely
high and that the thermally sprayed film accordingly undergoes a
reaction with the moisture in the atmospheric air. This makes the
handling thereof quite difficult and the increase of the amount of
In used in the composite material leads to a substantial increase

in the production cost. Moreover, the use of 81 in the composite



material in an amount of |ess than 0.2% by mass shows such a tendency
to lower the effect of controlling the reactivity of the resulting

Al -based thermally sprayed filmwth water, while if the anount

t her eof exceeds 0.5% by mass, the reactivity of the Al -based
thermally sprayed filmwth water would be liable to begin to | ower
and further if it exceeds 0.6% by nmass, the reactivity of the

Al - based™RHEFIRA 1Y SBpRBE PF (LASH thAnRit 2 by Besssiownuqhya fendency
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sprayed filmafter being exposed to heat history during the
filmforohenpgl ccesediud 56 the reabeer seheef fexpdt iofi tiympdr ithiee Rlpbeasedit
in Al, while if the anount of Ti exceeds 0.25% by mass, the added Ti
is apt tehewisldyseprags Coln Wi thheatmr veskd heokipdzia Eoraddni & lorer
this reaso n_car.ryin t. 3. thernmal rayi ng.operati on _usin
this maept srECRRe SRR Rl o AR Re P B HrO R BRSO RE PR AlShaEeg,

| mpai ri ngndAe, ReERRL SPrAY NG: ORI ONSe AN t e 3  the
resul ting Al-baggdﬁ?ﬁ%rnally s%rayeg F?I 3 Regar iﬁggt e ggﬁ%%iannunt
of Ti, i&ddakiory, thatamctonsofiariabfded tohehaddapoatiodntatelisl andekhe

concentration of inpurities such as Cu, it is preferably not |ess
t han 0. 15881\ .AdFsbyvmassor ehenefiereibgarvied: siiehh & tandernyl 1o bywamshe

Further, if .takin he segregation_of Ti_into consideration,. the
o ot dof e SRLEPatne Baobesia (Hesmar 8 SHIPdPAcFL i Atter

The pr odier T br et Beof ot T A ot A R maf o of b e

accor di ngo taetdtveRtes@Tect el o thes ¢hrasaat ahi K dwhild Pathe amount
conprises the steps of nelting a material conprising Al and 2.0 to

3. 5% by ®RIS errnkasised 62 Hbby 1S5, tttheSadded¥i nesapbtol gguse. fedmgationby

mass of Si, and Q.13 to 0.25% by nass preferably 0.15 to 0. 25%, by

mass andGHE Pt SRSESPPRDSLES BRI, by FasliDHFerronn WiRR GRaZVingf
e

the 1ot abu Qo ogh Ao thLchcanesbASAIA0TALEA,IALA NG A ocdloaeh @

manner t en nmateril a as a unl or‘mcorrp03| 1 on;

t her mal | ¥f sRERWAGebREiGPbESHNERE RELAE JFNint28 rIHETaRe 1fA 1 R3S yving
material, while quenching the sprayed nolten material to thus

sol i di f yctihditsizmes and tthe thpesiyndeonih chel esisngtihg |Ah-bR664 5hexrmall¥he
wat er -reactive Al -based thermally sprayed fil maccording to the
present FRNAERG dills dngegeiegi Heel dddetharompt @hdist dfokalting, into

for egol ngor\{\s@itc?erfart:ei%ﬁs i ¥he Alac_ic?éag ea(ljmo%%r{p%%i ?. rfa% eq_-'hg | concentration of
impurities such as Cu, it is preferably not less than 0.15% by mass
and more preferably not less than 0.17% by mass. Further, if taking
the segregation of Ti into consideration, the amount of Ti to be
incorporated into the composite material is preferably not more than
0.23% by mass.
[0014]

The method for the production of a water-reactive Al-based
thermally sprayed film according to the present invention is
characterized in that it comprises the steps of melting a material
comprising Al and 2.0 to 3.5% by mass and preferably 2.5 to 3.0%

by mass of In, 0.2 to 0.5% by mass of 8i, and 0.13 to 0.25% by mass,



[0016] The constituent nmenber for constituting the filmformng
chanber of a filmform ng apparatus according to the present

I nvention is characterized in that it is provided with the foregoing
wat er-reactive Al -based thernmally sprayed filmon the surface

t hereof. [0017] The foregoing constituent nenber is
characterized in that it is an adhesion-inhibiting plate, a shutter
or a maskrefefaddy 9f1% e P dEhbiyonagoeng]more prefpeallly Baddd-o 0.23%

thermal |y spraye i, mconsi.sti.n f the ter-reactive_ Al -based
Commost 157 ALY B mh Bhr B S R e cere T TR ot Rowa R, Bhe
effects it s YR | a
Cow coat SRl S L EAS, b Sulh AUNERR MR, ELER Bt 67 ) Bl
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water and to dissolve in water even after it is exposed to heat
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the filmformjng grocess; that the ini L_Li,al,
sprayed molten material to thus solidify the same and to thereby

form a desived £ilm.
[0015]

The water-reactive Al-based thermally sprayed film according
to the present invention is characterized in that it consists of
the foregoing water-reactive Al-based composite material.

[0016]

The constituent member for constituting the film-forming
chamber of a film-forming apparatus according to the present
invention is characterized in that it is provided with the foregoing
water-reactive Al-based thermally sprayed film on the surface
thereof.

[c017]

The foregoing constituent member is characterized in that it
is an adhesion~inhibiting plate, a shutter or a mask.
Effect of the Invention
[0018]

The Al-based thermally sprayed £ilm consisting of the
water-reactive Al-based composite material according to the present
invention shows various effects such that it can easily be produced
by a simple process at a low cost; that this Al-based thermally sprayed
film certainly has such an ability to undergo a reaction in an
atmosphere containing water and to dissolve in water even after it
is exposed to heat history at a temperature ranging from about 250

to about 300°C durxing the film-forming process; that the initial



reactivity (activity) and/or solubility of the filmprior to the
exposure to the heat history (during the formation of the film can
be controlled by the incorporation of desired amounts of Si and Ti;
and that the solubility of the Al -based thermally sprayed filmafter
t he exposure to the heat history can be maintai ned over a desired

time period. [Q019] . .Myreover, the Al -based thermally sprayed
film accErrftiy ity t(wétjp‘fléfgfgnﬁnii Qeriqiotridfisy st%éﬁa B %P that
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Fur t her nBs &orie P81 1% BYsesk tiRebFpblat ik 8Y &bk b Afkekdi i st oaddies ;
present invention also shows such an effect that the fil mcan undergo

a reactiamd whah bhet srlubilihy qf ekerdebabet ébbrmatly sprayadhfislm after
efficiently dissolved in water while generating hydrogen gas and

t her ef or B2 | XPRFUFRt N ddE PPRInHietosynedr b8 Rglatdingd rEeRi dglesired
apparatug.eq%%&ﬁg with constituent nmenbers (such as an

adhesi on=Thhi 'ng plate, a shutter and a nask) used for
constructpgge fil mformng chanber, which is covered with this

wat er-reactive Al -based thermally sprayed film the inevitably

deposi ted fi IMareonsy stdhegaDibaseki thavirerliy ngpragtdrfiidin ancbaiiner esl the
the surface of the constituent nmenbers such as an adhesion-inhibiting

pl at e duP¥eREMthAWENRIPBravissy hpposeal aaribect dmniedtol s shprateddin
fromthe_constjtuent nmenhers,through the yeact,ion of th - base

t her rmal |’9°‘7sp?’ai)édtef|“? %%qm?émﬁw h?j;ﬁfbht‘}%es%e Bﬁuﬁ“Sn%Pthsof
in water 4, A B8LY o r 38 ;) Iougﬁ%ef{ﬁ_al s included in the
filmformng terial can easily be recovered fromthe inevitably

adhered fodx®) t hus renoved fromthe constituent nenbers and as a

result, the nunber of reuse of these constituent
Furthermore, the Al-based thermally sprayed £ilm according to

the present invention also shows such an effect that the film can
undexrgo a reaction with water in the presence thereof and it is thus
efficiently dissolved in water while generating hydrogen gas and
therefore, if an intended film is formed using a film-forming
apparatus equipped with constituent members (such as an
adhesion-inhibiting plate, a shutter and a mask) wused for
constructing a film-forming chamber, which is covered with this
watexr-reactive Al-based thermally sprayed f£ilm, the inevitably
deposited film consisting of a film-forming material and adhered
to the surface of the constituent members such as an adhesion-
inhibiting plate during the f£ilm-forming process can be removed or
separated from the constituent members through the reaction of the
Al-based thermally sprayed film with water and through the
dissolution thereof in water. Accordingly, any valuable metals
included in the film-forming material can easily be recovered from
the inevitably adhered films thus removed from the constituent

members and as a result, the number of reuse of these constituent



menbers can |ikewi se be increased substantially. Brief Description of
the Draw ngs [0021] Fig. 1 is a graph show ng the relation
between the heat-treatnent tenperature (C) and the dissolution
current density (md cnR) observed for the Al -based thermally sprayed
filmprepared in Reference Exanple 2 while using an Al -In-Ti

conposite materi al ..2 is a graph show the rel ation
bet ween THEORLSSBF LHEH 1SS é’gt ﬁ’éﬁ’fe"’tsr‘ﬁ%g H‘ﬁﬁt"t‘%@aﬁ (hr) required
for the g Ie:['@/q:]esg;_ #Pfoz?dc&ertﬁg Hé‘@gg@)served for the Al -based

¥ prepared 1 n

t hermal |y 'spraye . Fig. 3 is a graph
il lustragpeunjt he rel ation between the t| me of heat-treatnment (lar)
and the tinme (hr) required for the renoval of the adhered film
observed for Rikge AlL-btsed t berphl |shaspngyethdé i |1ralptépar cektiveeBxathee

2. Fig. 4 is a graph illustgrating the relation between the
heat -tr e%%%"rﬁretaé%% %P@P@r%t@e and) PRE tdedERIRINEROR GUFEREE FERSILEY

(Y .~ T2) (REPGEY Shd et ol tnRAREDANE fRlia IR BXAdd FRREERRNEES' "

in Reference Example 2 while using an Al-In-Ti composite material.

Fig. 2 is a graph showing the relation between the time of heat-
treatment (hr) and the time {(hr) required for the removal of the
adhered f£ilm, observed for the Al-based thermally sprayed film
prepared in Example 1.

Fig. 3 is a graph illustrating the relation between the time
of heat-treatment (hr) and the time (hr) required for the removal
of the adhered film, observed for the Al-based thermally sprayed
film prepared in Example 2.

Fig. 4 is a graph illustrating the relation between the
heat-treatment temperature {°C) and the dissolution current density
(mA/cm®) observed for the Al-based thermally sprayed f£ilm prepared
in Example 3.

Fig. 5 shows photographs for illustrating the adhesion, to a
base material, of the Al-based thermally sprayed f£film according to
the present invention, which is produced in Example 4, and more
specifically, the photograph (a) is one illustrating the adhesion
of the Al-based thermally sprayed film to a base material whose
surface is uneven or rough and the photograph (b) is one illustrating
the adhesion of the Al -based thermally sprayed filmto a bagse material
whose surface is flat or smooth.

Fig. 6 shows photographs for illustrating the adhesion, to a
bage material, of the Al-based thermally sprayed £ilm according to

a conventional technicue, which is produced in Example 4, and more

10



Fig. 5 shows photographs for illustrating the adhesion, to a base
material, of the Al -based thermally sprayed fil maccording to the
present invention, which is produced in Exanple 4, and nore
specifically, the photograph (a) is one illustrating the adhesion of
the Al -based thermally sprayed filmto a base material whose surface

h d th hot h | | ustrat t h
adhest on DR HEA Yordur SREPRERTY Er b5(RPS AR ot e St bR
whose su %aﬁﬁ | o, dﬁﬁtl%ai”%gt—gaﬁed the erulé’le @%ﬁ%ﬁeﬁg}rﬁgﬁép SpheL

illustrating Theadnesi on ase na base

t her mal | yas@F Byeeihbik Ns@etpedil Bguhdven N velgh il th@cﬁﬁda@égaﬁapm (Bh
is produced in Exanple 4, and nore specifically, the photograph (a)

i s one ilibusteatilhgstia:iaghddicomdbestibe ofntdat iconubnitlorgds &d -based
thermally sprayed filmto a base materi al whose surface is_uneven or
rough ané oEBEREHh fB §Q 2ohase makstiat ihySent EihitesiBnt et Phe
conventl # -based thermally sprayed filmto a base material whose
surface |s ‘Fat or snoot h. Fig. 7 shows photographs each of

hi ch 11} ust imes AU 6AUbLI A Aol b9, s BROCTIBIEEL] uch o
sprayed film produced in e 4 and applied to the surface of a
base nateomddtmdnrmmmweﬁefmﬂﬁbahejbﬂxammﬂﬂgrs@kay@ﬁ fibive produced in
specifically, the photo raph (ﬁéﬁls one show ng such a condition
obser vedEf@frthé and etflh | jusiagy ef & Peseasdiardivdgle grameyed

Conal 11 o ShodivBasFoP=Erel sy 20as80°% RePart FSHr y@a"ﬁ%ﬁqs“ciﬂrzeag
to a C0ng@ruﬂeogeéwir@caﬁbﬂ%econdltlofbﬂse&eﬁﬁ% HRRoA0GLARNS AR oL

which illustrates the adhesion, to a base nmater

t her mal | ypsayay eilld abooptiodice dhe prExanp i avént i Whine Speshddoegiabi,
the photograph (a) is one observed for the Al -based thermally sprayed

fil maccdpdi hg Pbet ﬁbowla%esuchr riv ePRTdi ioph cheer s pkext ogeadhl -biapeds

one obseryved f the Al -based therqully s ra ed film ordln to a
convent | GREFTTEoRAPHAKSY T1im eChraend ihsne GHBYSRTLBHa Forinid

illustrating 44 gﬂ§§é§ﬂ0t5 Iﬂﬁﬁﬁﬁiéﬁllfﬁsﬁfgiég %%%% ion,

thermal |y sprayed ccor g to the present 1 nvention, which Is
producedtbm Eaggm{aQeQ;Laandafrr@m@ 23pBekéd Gaklmallinepe ?é@grlamfpxﬁo@hcba
one illustrating the adhesion of the Al-based thermally sprayed film
to a basénnBkarpld whousl surkacpecsficmhon dher phghogirapht He) is one
photograph (b) is one illustrating the_adhesion qf_the Al -based

hor nal | JOSBTGAOR! [ PO BeBaSc IRRENT ol SHFBSE. Sit FEETFaLhydro 5Pe
Smooth. Bl Gserd0  30OME: ALOLAI SRR Sieddraliit (1! L 0BG GRRAPSL ichk

of

Al-based thermally sprayed £ilm according to a conventional
technique.

Fig. 9 shows photographs for illustrating the adhesion, to a
base material, of the Al-based thermally sprayed film according to
the present invention, which is produced in Example 6, and more
specifically, the photograph (a) is one illustrating the adhesion
of the Al-based thermally sprayed film to a base material whose
surface is uneven or rough and the photograph (b) is one illustrating
the adhesion of the Al-based thermally sprayed £ilm to a base material
whose surface is flat or smooth.

Fig. 10 shows photographs for illustrating the removability of

11



the Al -based thermally sprayed filmaccording to the present

I nvention, which is produced and applied onto the surface of a base
material in Exanple 6 and nore specifically, the photograph (a) shows
the condition observed for the Al -based thermally sprayed film

i medi ately after the i mmersion thereof into water, the photograph

(b) shows the conditign observed for the_filmdurin he_reaction
e oo RS MhARSS WKPIRG TN GRAGYERh 14T SREWETERta CBRARTFRRR:
t hat the; Al d I j '

subst r at B BRASH PRy \DoRRESH Yhd b4y BREBRE SAOMATEE o base
phot ogr apdrsereiadhi wExsib s badherel shegiifenal by, the phibtedidsh (e shows
weat herability of the Al -based thermally sprayed fil m produced in
Exanpl e Zhancontitdospebiseived | for tthe ghobegedphbexmally apiayad2fibmne
t hose observed for the conventional Al-based thermally r d film
bef or e abHNSAHEERLY R Haka b He AABEFPLO™ (ST Eof SSfe v7 v  CBR PHioheITenh

phot ogr aps ) e A0 b €) o Sod 102 LS RALCE: 1R ad iR A D3R8 on

thermal | y 'sprayed 711 s according to the present invéntion |1kew se

bef ore apgbrddretrithaveat, henabind bhot@@a\%ﬂ qepeshdweischM deriiation
Carrying Qut the Invention [0022] en producing a thin film

accordi nghdato theahletasat thdmmafldymisprayedhfitmedssoehousdt feom the
sputtering technique, while using a filmform ng apparatus, the
filn}forﬁégﬁfﬁﬁﬁﬁ bpepfmalifrigdparat us is repeatedly placed under the

i nfl uence of heat_history. For. this r r . .
constituent el g?’fpﬁ ggdavﬁWﬁ ?ﬁ@@%ﬁﬁ??%&%%ﬁéﬂpégﬁr@éghs% “5§Man
adhesi ong{-ady Bbtiing Bk 8k€indRhe RidadBeleSM 190 ¢ne AN YahRaAignedy
thermal |y sprayed filmaccording to the present invention is |ikew se
r epeat edbyraygabstidnt prsdokelicah BExatpley . 7 Aesdr dongl gpedii callpasede
thermal |y sprayed filmshould easily be handl eable, when it is

appl i ed PherItREhsyfFldeand (a-Bhxe those observed for the conventional

Al-based thermally sprayed £ilm before and after the weatherability
test, respectively and the photographs (b-1) and (b-2) are those
observed for the Al-based therwmally sprayed films according to the
present invention likewise before and after the weatherability test,
respectively.

Mode for Carrying Out the Invention

[o022]

When producing a thin film according to a variety of film-
forming technigques such as the sputtering technicque, while using
a film-forming apparatus, the film-forming chamber of the apparatus
is repeatedly placed under the influence of heat history. For this
reason, the surface of a constituent member placed within the
film-forming chamber such as an adhesion-inhibiting plate, which
has been coated with the Al-based thermally sprayed £ilm according
to the present invention is likewise repeatedly exposed to such heat
history. Accordingly, the Al-based thermally sprayed £ilm should

easily be handleable, when it is applied onto the surface of a base

12



material and before the exposure thereof to heat history.

Furthernore, the Al -based thermally sprayed film on which a filmor

| ayer consisting of the filmformng material is inevitably adhered
or deposited after the exposure thereof to heat history during the
filmform ng process, should |ikew se have solubility (activity)
sufficient for permtting the easy renoval of the Al -based thernmally
sprayed Paterialonpnfe ekl | SKPPIGER hdhewpph tive heRn iH&FPrEbl y

adhered to the sane and _should.al.so be.stable. ln.this re ct, .the

orer e ke ATy B0 AnAaga AiGR 1 8 Aeed Bl et SRESE #1108
resent jpv i | ete sati.sf i

Dorunt | b BL LA, BECtleSRLLAINMUGR RaLERY! MEMndAEbIE

of the hgahetdd ol Yiepbbhited tdf <o RgoeRgodutanthet-8bA gt 6 Nesde hiiss orfror

instance, on the order of about 250 to 300C (this is represented by
t hat obséuyiny ftire £himafihasingnprateds t ishgupfal Hewise haee f$olmbiidinyng

nmet hods such, as the uttering techni gue, the vacuum evapor ati on

L echni qUEACEHE YO HEaET AT CELIRREEEE CAIL I 82 ENBeTERRA b foe Hd Dased

accordin i) S tt LGl ent t tl ;

ot andpol ipdey St Rk el et nad OB AR HAEN AR fhe £11n

exper i enggey i yhedhe P or YhdlsabB 4 ahbampesidinbe $farda0C n this

possesses desired water-reactivity and it is nore preferred that the
Al - basedrespratal | $hs preared -febotiwehi Ah-basedx pbeirenlclod spriydbatfilm

history of up to a tenperature of 300C, possesses desired,
vat er - r eBEEPRAINE ERSEHR | BTrIRende LBY$RIG- B CoH, COHRSielyr sfeirkY wuch a

Al - based r rayed fil m. rdi n the present invention
substantF%E§V§%%%¥s§$52%§%c(ﬂﬁgﬁggﬁff%%éﬁFE%Or the solubility. [0024]
The fore?@@ﬂg solubility of a water-reactive A -based thermally
sprayed fil mcan be evaluated by i mersing a base material, whose
surface i s caler efpart tliman &f thaseshtdretoek| yf sheayet hibtpry wikbin
wat er mai ntained at a predeterm ned tenperature (in general ranging

from 40 the 1BEIRABg pheftapMingFhaglboegoty: £9F EReRPRA e PRI Hih §TORE

current densit reof (d e_present inyention his is referred
Lo ae  APECHIE 210 Gr 1uhC dbALs B EaRad iR by Foh drisereg F e, B2
det er m nagh Qs JRLRAGLELIAESRANDS £he IRCE ERIIHIRHAY ridiiodb eREHOLs the
determ ning the weight 0SS of a sanple before and after the

i mer si oppeftdhiegs atpdithigues ptiacesscngm! iduipdradton herchobyest | Bile
the weight loss thus obtained into the current density value while

t aki ng, Lerdoketdagntechmtignsyandddeadd tefhnheus amgl ¢canddngilie ideidbod

ke 1 1 peRr e TG G B0 1 SRTOBCH (§FARE G8L oP FP AR Ho B (P8

this met i , e C at
e L e P iR
wat er suhis€bent of ofupTekd Ng thenpdrabased drhexsdd,y sopsasedsl iddBired
easily renovable fromthe base material together with a deposit which
consi st swaterttireadtirityenlid imnere prefaomad tEt/tlxhbrlsabadcthdmal 1y
thermal |y sprayed film even after fhe exposure thereof to the heat
hi story éﬁEﬁg‘(ﬁa dridd- d¥RiTRy Hate SKPRRFRISH FYCPr Bedis fiistory of up to a

temperature of 300°C, possesses desired water-reactivity. As will

be detailed below, the water-reactive Al-based thermally spraved
film according to the present invention substantially satisfiles such
a requirement for the solubility.
[0024]

The foregoing solubility of a water-reactive Al-based thermally

sprayed film can be evaluated by immersing a base material, whose

13



[ 0025] Now, sone nodes for carrying out the invention wll
her eunder be described in detail. [0026] In the Al -based
thermally sprayed filmconsisting of the water-reactive Al -based
conposite material, according to the present invention, a
predeterm ned anmount of In is highly uniformy dispersed in the A
material as_a principal conponent_of the conposite material and

t her ef or 893 LReFIMAISE bkl Pedrt tParechhhererlly aruRred fdlneddt beh

wi th wat ' .NDI St ur e- cont ai ni_ng.atgosphere. such.as water, water
Vapor or "areAmaBbE Y S FON iy PRI ROERE T R e RS ety
such a wWab-&f -0 Rbai 5 N9 LAVHFOAERM  dhecA1o0iREsrd thegdadttdiiGing
conposite material according to the present invention may be, for

I nst anceth¢ hosereeac emayd Epgthepent t (iroft2NreSeht , iBMeniGO%this4hs
(99.99% and 5N (99.999% . Anong them the 4N Al and 5N Al materials
can be prebeirad By ast eispadubirRieCusii]edensig h?7igmAl ) én thR lAjquid.
produced_according.to the electrolysis t urificati,on_nethod such
P et FiR Jerpainfit el BeyERY Giebehds tohanp st S380 G FEEP on
t echni qugs (g&H A Walgl ' EC g@,@ S

di fferengg I n tlﬁ%%{l&e} Efrlgfﬁ{r& e%?ﬁgg\r,\\e%h% SO |§?%§O??q%ﬁ&d pt%gfegﬁg
upon t heisfidtslidn eatdlen spnpledur 8Sprdicisthgdlicduipusnd ithenPE@RBSIHEihg

t hese Al mater.i als are Fe and Si as. well as Cu, N, C.and t he Iik_e.
I n the pkkesamichhvierd Ghus prifadngdl intigs Ele aynreat Adensittar valye ahdle

(hose eaph oyl Tt el oLt G, LR Ly conentco fe o0, Lhe guger o
[0027] during which the sample is immersed in the processing liquid, or
the like. If thedissclutioncurrent densityasdeterminedaccording
to this method is not less than 50mA/cm®, there can be so concluded
that the Al-based thermally sprayed film has solubility (activity)

in water sufficient for making the Al-based thermally sprayed film
easily removable from the base material together with a deposit which
consists of the film-forming material inevitably adhered to the
thermally sprayed film, even after the exposure thereof to the heat
history encountered during the film-forming process.

[0025]

Now, some modes for carrying out the invention will hereunder
be described in detail.
f0026]

In the Al-based thermally sprayed film consisting of the water-
reactive Al-based composite material, according to the present
invention, a predetermined amount of In is highly uniformly dispersed
in the Al material as a principal component of the composite material
and therefore, the thermally sprayed film can eagily undergo a
reactionwithwater inamoisture-containing atmosphere such as water,

water vapor or an aqueous solution and the £ilm can thus be dissolved

14



In general, the electrochem cal potential difference between Al and
In is considerably high in the Al-In system but if naturally
occurring oxidized filmof Al is present therein, any ionization of
Al is never advanced. However, once the naturally occurring oxidized
filmis broken and Al is directly bound to In, the potential

di fference between them woyl d abruptly accel efate the ionizatjon of
AL At ARSI Ut PO B TR PHEON - ¢ TYe PUITAReHAL YSFLh R
di sperse L. ] L.gkpal iLhau r goi y
chon cal Copedstte fidepRidd Yo e AL NSRE oV EBChEY B0V o
any sol i énsedndd Ofthekbhedth MeGagdanGidityl bEnBlt {933)A 38Ndod ey anch
a manner that a uniformconposition of Al and In can be established,

whi | e payiPAgo%i)t and i55n(2D %98&) di Pivengrihe, ntlte s Al yarkb SN@dmalerinds

In, to thus forma conposite material and then appl ]Xi ngNthe resul ting
conposi t E2HePe rREAPAFRE0PY h e LS MRTETEE  aSHRERCH BB £ 2N ke 6¥diPNg AL o

t he ther NGt { L4 £l . : tal ped
due ot RE G EEr e R G P e B PP o e ek T ma B KRR
conpr essp¥enacihres %@@@%ﬁmm £BC Dbt dhé baat i 8D 5ol §828]cation
The In added to the material is highly dispersed in the Al -based
cryst al | taehgiaiens sefrdedes imat teclaliched , twhidembbhes rdhe sgy@ysagpf the
process and nmaintains its condition such that it_directly cones in

cl ose cofthERTaMach 1Al thesiterperatiey etveenstthposidmne Lagetd wherea |
the resul ti ng A/ln,i n),g.erftace IS | ntai n%g An,i tf hi hl.%.ener eti
state and®3&c edﬁﬁg%@l, ACTCRR BfET Y58 - vigoraus® S hiGR r
at the copt@dssunf AgBefIdR! ig PEtYREsit Bemu 1 i &, MR StErey the
contai ning atnosphere. In addition, the reaction product mainly
conpri si gkl ODH titse podsdrar imekntiion , pfdfarabhy tisedsy thce) duterfianged

into fine particles, which are in turn dispersed into the Iiquid, and
accor di ngky, thase gersBohaivingh theaéol bowing dopurhk wsinfeand: eiglasitiel y

d th t] interf whi [ d j vel
because BFIPhe TP EosnEBBITHE JOOBH I ek o Bt L, FREEppnigPe than

di spersegb%@tlﬁ) ] the nechanical action caused due to the expansion
of Hy gas e S generated with the progress of the foregoing
reacti on.fopf0R9] The behavior of the Al-1n system as has been

descri bed above becomes nore conspi cuous, the nore the purity of Al
i s high. Mrelspepefatalibe eldetrashentoal pabeotsabetidfifiegenod hdtaeen
system woul d be qbserved when using, 4N and 5N Al as conpared with

that obs&f Thef CIHGIeTRPAY Bigh i the Arlay $yftem, but 1f naturally

occurring oxidized film of Al is present therein, any ionization
of Al is never advanced. However, once the naturally occurring
oxidized £ilm is broken and Al is directly bound to In, the potential
difference between them would abruptly accelerate the ionization
of Al. At this stage, In is present in the Al crystal grains in a
highly dispersed state and in its original state without undergoing
any chemical change. In has a low melting point (157°C) and never
forms any solid solution with Al. Accordingly, if melting Al and
In in such a mamner that a uniform composition of Al and In can be
established, while paying attention to the difference in density
between Al and In, to thus form a composite material and then applying

the resulting composite material onto the surface of a base material
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[ 0030] The aforenmentioned Al -based thermally sprayed film
consisting of the 4N Al-In conposite material already has a high
activity at the stage of its production through the thermal spraying
process and the solubility thereof in a water-containing atnosphere
is too high and this accordingly nakes the handling thereof
considerably difficult. |If Si_and Ti are incorporated into_the

conposi t RFRAEFGAFC | TS FoaErRt W FRY¥H HESIOAGRY & JephEed dddiM FAY
Al -b d | i t il iLnltj
fencttvi ks 2 hYpBREEXES, ko' PGS ACH S O ' Buan FEQER (Blbhah

More speghdidfillgy, ahd Thd S coREPENDRAL et bR (fRReMhrbas el GoRPOsh: €
material, the resulting Al -based thermally sprayed fil mwould

cert ai nl gohidiififopbved. in its activity even after the film has
experienced heat history and the filmalso shows a high solubility
(activit¥992%k hin a water-containing atnnosphere and this woul d

correspondin erm e ) enpval . of the.Al sbased ther.mall

cpr ayed 111 mFFoMiateds? Arh DR B nhREa . 5 THERHY: e RHEE Ry oo
sprayed £ilynden 2dlsrseths Q0 4he ot ber chandarkfi S die ItC YHRONBEEHAL
into the Al -based Conposite Taterial, the resulting Al -based

t her mal | ypspriayedréedan wndlmhisithshanttisabbydbel drmpuok ehaitnit ddrectly
strength as the added anount of Si is increased and the filmwould
| i kew sec@ees ipréoed contaet wvachPher diincetIn nyreiopes any eapble larer
strength of e resulting.thernmally sprayed, filmjs.increased.to
evel CorHibdt 1L TPRHLEH A b TRGE L ERARtB et LRt By
sprayed fi i3St f B4 % i I Lk

t her eof %%éfg%gﬁiﬁe%?%ggﬁgs conpar e rbv?nnrﬁh%%egtd;f bgsggﬁ%%%‘shg}%{?

sprayed fitinvedas stitige dortcAlsdvitdee bfti st 003 Hetween tHée wWitRsAnk
invention will hereunder be described in m)r.e'det ail wt h-reference
to t he watigtursactanfeiningadadspbeposi v addisival thenrsasting pabdaciN

Al -1n-Si-Ti system taken way of exanpl e., The -based thermal |

o hyed PATD EorHE L o ATPoH e Rtk TRed ke a d AN 6y i S tp P m
on the sur . i .00 i . .nned
o mmapnoral il TnPG AR LA Ek1LE WRBROGFE S bl L ARARE LD
Al -1n-Sitfdé cpipasi,t eafidt eséadrdibhg Chihd, Eissandtibn areeadtiibar niy

di spersed in a matrix of Al. The resulting thermally sprayed
Al - | n- Si edit Indaust gpnaad nexplosimvgd vaprooeedy @thshéhaepogion girdienmfstee
of not higher than 10nm) which are highly uniformy dispersed in A
crystall wgéc}@,lgi@ewed Successively, because of the presence of the added
In element in its highly dispersed state and the mechanical action
caused due to the expansion of H; gas which is generated with the
progress of the foregoing reaction.
[0029]

The behavior of the Al-In system as has been described above
becomes more conspicuous, the more the purity of Al is high. More
specifically, the more conspicuous behavior of the system would be
observed when using 4N and 5N Al as compared with that cobserved when
using 3N Al, as an Al material.

[0030]

The aforementioned Al-based thermally sprayed £ilm consisting

of the 4N Al-Tn composite material already has a high activity at

le



[ 0032] The foregoing Al -based thermally sprayed filmcan, for

i nstance, be produced according to the nethod described bel ow. The
nmet hod conpri ses the steps of providing 4N Al, In, Si and Ti
materials; incorporating, into the Al material, 2.0 to 3.5% by nass
and preferably 2.5 to 3.0% by mass of the In material, 0.2 to 0.5% by

mass of the Si materjal, and 0,13 to 0.25% by mass, preferably 0.15
to 0.250%85 $RAGE RAdLHD RFIUEFLPRLTRF IRy Lhe ey, orak S PrOResT

t i | t h .. | ;. t H .
AR TR ST IS D DRt
di sper segidi drhdeti s TRIREEShg1 HakeBO hd @il § 85 (HRREFi i iRchas1pr

a wre which will subsequentlTy be used as a material for thernal
spray; td&effreddlr.spifagi agdiicarmaiecdgoraitedaindo thre ¢dpaitbacterviah
base material, for jnstance, a constituent nmenber of_ the filmformng
chamber 3B EFCESLAAVRAATVRGS APIVieRy Praareswit1adrdt hassrktrgmally

di for i _the £l i, hpi,
ahi e al PBRITG ¢ FohatBPi & ERRSCERGATY > SH BSoa- o the ‘STALs b
the basegatffig) lHduantmant i$el 1didnaodneoh@dt RREERY cquer  Pere

surface of such™a constituent nenber. Thus any base material can be
pr oducedspadn tilvaldypr 0Fi Tedisv Idvcapdeste@ dinvia aeher @dcbayel Alonipastde
thermal ly sprayed filmon the surface thereof. The thernally sprayed
film proddedidiadoc o gpdting Adrbgoehgthermrldyl sSmmerefn fufnc wonhd

and e Luke, 5, NS LA o0l SRELIAS, il e e ighebire
the Al - b(é;?ﬁ%:iéa}f‘nég@aﬁéé/t ﬁ%%f%dfdd e rﬂ‘i&-hcéﬂs@él&bﬂgoé E’l‘i?ﬁtédlghkﬂ@%i:{fed

anount s T Into an -I'n system according to e et ho

di scussedaabb¥igy)t hathohubi wbht¥r-cdhisdnghg atmbishdrd mrpercse would
produced by the thermal spraying technique can satisfactorily be
cont r ol | edrrggpondingly exyout bhy syl denowl of pheddt-breedi ¥wamaillvn

of the resulti ALhermal ly sprayed filmdue to the reactjon thereof
o th e heSREREd iRy ESah R ALE bt THOPELE D 1 AT g i e Ll
this acc i : ndlA| f | t L I f
an Al - basB iR YT G ehBE-0a" e UEEES 1l | B robte NGt
conposi t enf@t ehkaln1whhssd CeBinpbaSt ! Rled eI, netheaa nBeii 1 i8ly 1A -bakeand
Ti incorporated into the same, the resulting thermally sprayed film
woul d hatvkemnglrlactsmalyey dddmpteiblde subsitritiiallyvée whemrovhd dppets
limt of the tenperature of the heat history, to which the thermally
sprayed FFFYaRgd egpse dogpemameuts PF it denigraamenpand dhe Ryl meuld

format i 09 kNGI&Phe diBe80eA IS ASRLaPleRRAHY JO0GARE §RANY: R0, cne
strength of the resulting thermally sprayed film is increased to
a level of about 1.7 times that observed for the Al-based thermally
sprayed f£ilm consisting of 5N Al-3wt% In, while the weatherability
thereof is clearly improved as compared with the Al-based thermally
sprayed f£ilm consisting of 5N Al-3wt% In.
[0031]
The present invention will hereunder be described inmore detail
with reference to the water-reactive Al-based composite material
consisting of a 4N Al-Tn-Si-Ti system taken by way of example. The

Al-based thermally sprayed £ilm of the present invention is produced

by forming a film on the surface of a base material to be processed

17



Thus if the base material, whose surface is coated with an Al -based
thermal |y sprayed filmaccording to the foregoing nethod, is inmersed
in warmed wat er (deionized water) or sprayed with water vapor, for
instance, if the base material is inmersed in warnmed water naintained
at a desired tenperature, the reaction of the filmwth water is
initiated imedi ately after the imersion with the generation of

hydr ogenlrga% rifpfgteriheeqd c@qspherar aFerrHmec éedshe t Heerawstlo Srspying

d | k. d | d the |
ndl t he RGPy "EbFay S, Fih £k T 1y OPOetiy e ashpis: any hhch
wat er. A, Agk @aMHTl, adl €1 Rk Ms?grﬂéééﬁh%&né’érlﬁ &f a1 NSTABRGRsuM ind N,

Si and Ti remain’in the warne . The reaction proceeds nore

Vi gor ousthemidldynepeaydie Al eIped iTir €ibh cuaitainyskd crgetahEinameatnon
becones high. [0035] The thermally sprayed filmof the present
i nvent i ofh#Eidsh degradsc Fipedohbente Nither tarnngoam sty maet highly

which the film.is forned cco ing to e flame spraying technique
using a Ww dheref 1?35#%13-& OB a wire, by way of
exanpl e, rby-4t he thermal | y spr ayed filmcan |ikew se be produced

according to the flame spraying technique in which a powdery materi al

for thermal S@léaﬁbﬁe@odﬁﬁ(ilabdsé@thé&hali}espf&:yéi)fm B8n} €6RANGUENEE,
t he plasnma spraying technique can |ikew se be substituted for the
flame spraygragiucedhadepieding tohsheregdind desentlhesh beflw . f dihegohjod aw
material is nelted ed on the_surface._of _a base material while
quenchi nEPHRKLESS| EHR(S7SRP CReDEOVHE AdvAhmtBri A R0 b Hsaials;

mat eri al 4 ﬂ@o@&%ﬁ%@ AL E?EJS'GEHE' hy jBEaves fiing V\#c90§6%/ ?}écrena.ﬁgsgﬁé

been di s€US usi'ng a base na erial ose sur

previou iv’ei*&%m)l Zeﬁe&b Wi b8 Benadisobeney nenggawitar - beactd e 5% by
Al - based t hernal y sprayed film as a constituent menber for a

filmformagsyofhiambérl maidriad, sama@hesiton 0l S iyt magys pbatéexably 0.15
shutter arranged within the filmform ng chanber of a filmform ng
appar at uso Oar?% K PYrﬁ‘%%?-P@t‘FWg“— PRy forli kY hed38r P¥ M3 Al BBey

adher ed 40 of depasi ted g0 Lhe; SULf age o sich, & consty f yent , MEmbeL
can easi y e renove from COﬂStI uent ter t

filmforpdafreceIsnt Std e\i}fﬁ%t ed16yethd e%elt %h&' '@Edméﬁéﬁsal%”@oaﬁa

val uabl e metal's included in the adhered fil mcan thus easil

renoved atifeandyedégparsbd Hantheuwskdraterial; forming the molten blend
into a rod or a wire which will subsequently be used as a material
for thexrmal spray; thermally spraying the material therefor on the
surface of a base material, for instance, a constituent wember of
the film-forming chamber such as an adhesion-inhibiting plate of
a film-forming apparatus according to, for instance, the flame
spraying technique, while allowing the material thus thermally
sprayed on the surface of the base material to quench and solidify
and to thereby cover the surface of such a constituent member. Thus
any base material can be produced, which is provided with a desired
water-reactive Al-based thermally sprayed film on the surface
thereof. The thermally sprayed film produced according to the

foregoing method is one in which In and the like are highly uniformly

dispersed within the Al cxystalline grains, as has been discussed
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[ 0037] In this case, used as a liquid for peeling treatnent is
not one containing any chem cal reagent, but sinple water such as
pure water, water vapor or an aqueous solution. Therefore, the
present invention can surely permt the prevention of the occurrence
of any damage of the constituent nenber for a filmformng charter
such as an adhesion-inhibiting plate due to the dissolution of the
constit uB®Verenber in the treating liquid and the constituent nmenbers
treated gﬁ@%ﬁ' ng to the present invention can be used (or reused)
over a c rably increased nunber of tinmes as conpared with that
observed whe [ ' [ L ’;%gj, S§ Hen
agent. In ad(rtlkir% ?gﬁ%t@ﬁ: gﬂitﬁﬂ'%%ﬁa%%guﬁiﬁ?a%'l?ﬂs Si Sﬁi J|fm(éna fsredu(fc?#’on
of the pineessorgingsticairked anguhokeofi ©h aid tiHe iauer anndl+th system
envi ronment since any chemi cal agent is not used at all in the

peel i ng apeerdinshtorte nerhed discnesed lapover ihsgsatketlidlys poswitbly

dhered t ited t ti t uch
adhest orf i bitn AP Et SEcPAURIT CHeCRF | (HBr Pt DOEPaEFopRe can
I nsol ubl g, 1\, i 15@%051%?&@&&.5 %B? {1& RLESSA! A:%vse&i&&dgasoeh
a |1 rig ure

advantage in that retovere ter the foregoing pee proce Sis

a solid ppémithde Ha¥EOTLE G S5ENMELL GRRASEIN® LRl Dy mpabseavedin ate
the filmformng nmaterial per se. Morreover, not only the cost

r equi r edté dihet heacwicny thyrezihwitih dharmdld huyrehpressudcin thisua tredspherhe
steps required for the recovery can |ikew se be sinplified and

accor di nERFECHKENG: R ARTF APEHTLSPeASELRILY SaKRS £ RdRRCLERg thereRhn
perm t t&g\ﬂ#g%ﬁ@_}’ %%c;%xde i‘éa%heﬂ-Bés@tﬁ{ér%i%E%ézfég}eE? i 15"

t he case ere a-filny m g aterial "used is or

expensi ver&Ricld sUsthdSad BNepases BBhPdbsHe andr8aNBtdlicht hesrdali B
which is inevitably adhered to a constituent nenber for a

fil mfornredetchariiped snmintasofiriingdidsAreh T ninduirpongted dineodtine rrguehe
filmform ng procedures and_which consists of the filmformn

mat er i al the akeeakting v s @ReEd SPEBXRE hEL EBneetd MverebRFa i 1asily Y by

i mrersing_th nber . i.n.-water. or sprayin ter v r. on the
renber | TCGT A o Sraa iy BY S Benats thlde TRt ¢ PR femshaeree
mat eri al cAGeRr HEAY HilthbPe, ¥ RSN thBVERRN 1, SsHARRERe 1918 d:iRsed
surface of the constituent nenber in advance. Consequently, such a
pr eci ouswigtiiat a0ifian- fame nge thinean doe ing cithwe Fedmsit 1do thegecd panad

by any contanination thereof. Saying over again, the present
i nvent i oBh®ep¥dars of habpal kda ¢h obf alpelet 3&dotery cost and al so pernits
t he recoY%%]of any filmformng material of high quality. [0038]

Thus if the base material, whose surface is coated with an
Al-based thermally sprayed film according to the foregoing method,
ig immersed in warmed water (deionized water) or sprayed with water
vapor, for instance, if the base material is immersed in warmed water
maintained at a desgired temperature, the reaction of the film with
water is initiated immediately after the immersion with the
generation of hydrogen gas and i1f the reaction further proceeds,
the color of the water is changed to black due to the separation
of In and the 1like and the thermally sprayed film is finally digsolved
completely in water. As a result, precipitates consisting of, for

instance, Al, In, Si and Ti remain in the warmed water. The reaction
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The present invention will hereunder be described in nore detail with
reference to the foll owi ng Reference Exanpl es and Wrki ng Exanpl es.
[ 0039] (Reference Exanple 1) A material for thermal spray was
prepared by blending, in a desired mxing ratio, 4N A, In and Si
materials, nmelting the resulting blend to uniformy disperse the In
and Si materials in the Al material, and then formng the resultin
nol t en rREQGGESS PAKe A1IOrQugly hythfh FO*XEnthe -empepitwag oiwatgleres

t he addeg ar@tjnts of Ihebl n_and hSI materials are expressed in terns
of those Felati vETo°tHe TraSEdr tHe A naterial) into a rod-like
shape. Theygsgsulting rod-1ike material for thernmal spray was
thermal |y sprayed on the surface of a base material consisting of Al
wi t hin the attiesphersl lgneprayee it laced itiengrésedthdnvedt fidratas been
sprayi ng techni que (heat source: C2H2-02 gas; tenperature: about

3,0000) desquide eafhide ks ag arnrbad imgns gnahdd b thenf bhin i pdormed
surface of t base terial. The Al -based ther.nall ra fil

hus 1 or RS Fro B e, SRS SR Pedigh SRR L st i
rangi ng 0. r ' o] f in
o st noEoRere S L besaEn e Tt Heor i T eeeenbrebray the fFriaty
cool i ng) sprnyRidaEEl ofat Nekbenie Be protycédanboedidies the Mune speagihyy
exposed during the filmform ng process. Then the solubility, in

wat er, ofechnsiqual ibateghtehpondety mepeayet for thevwrsli speayt Lgatsad apd

di pping, _in 300 nm of deionized water maintained at 80C, the base
mat er i al EPFRATIERE BRE SRV htetq\ﬁ’glLHH% (FaFs P@BF%I?/ SPTPYIRY SECoPLeee

t he heat oL (OO i.0 ; ; at gent
and thenc%[etel gtrk%ﬁg%%g]% ﬁ’é”g %E%%%d Elé%s?]tq%@o]%%?hgp%%lﬁéﬁcﬁgﬂ%}%ﬁe'ngfﬁ
l'i qui ds. t§DBABkent invést forl e8ke ForédoMRprivuwader f410Mm: e ceff egtapbd
the addition of Si on the solubility of the Al -based thermally
sprayed énluhe shafatdefaddbiiomaderialegdiiledqasmeingoéndi salddidying
permt the control of the activity or solubility of the resultin%

t her nal | 22 BPESERA FRY FREAredl ap &y hascdratard ot iy Rormartdsemally
accordin %oé@%i&rr&ernal |y spraying technique and prior to the heat

t r eat ment= Wever, "t here was observed such a tendency that if the

t enper at ysgaAf the heat treatment is high, for instance, on the order
of 250 to 350C, any thernmally sprayed fil mcannot be obtai ned, which
shows practi ¢al hysaoceptdlbcassell divdvet,y 1f using a base material whose

surface has previously been covered with the aforementioned
water-reactive Al-based thermally sprayed f£ilm, as a constituent
member for a film-forming chamber such as an adhesion-inhibiting
plate or a shutter arranged within the film-forming chamber of a
film-forming apparatus, any film consisting of a film-forming
material inevitably adhered to or deposited on the surface of such
a constituent member can easily be removed from the constituent
member after the film-forming process 1is repeated over a
predetermined times and any valuable metals included in the adhered
£ilm can thus easily be remcoved or recovered and then reused.
[0037]

In this case, used as a liquid for peeling treatment is not one

containing any chemical reagent, but simple water such as pure water,
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[0041] (Reference Exanple 2) In this Reference Exanple, the
effects of the added In and Ti on the characteristic properties of
the following A -In-Ti conpositions (a) to (d) were investigated,
while using 4N Al as the Al conponent. The added anmounts of In and Ti
are expressed in ternms of those relative to the total nass of the Al

conponent 1éJsed. (a) 4N A - 2.11 bil mas% Ire - 0. }%@ bly mass, Ti ; 515%
AN Al - Y2ERY BIPeREs apfauequd §94 By oRes sTherefqre: eseptdRvVEPtia s
!I'in; - 0208 béﬁf&?pgimlé Dnet %!rélreﬂtj?bno%qu ¥n8BSSodFencd- dF (@ﬂ}y dAR3Ze
of the constituent member for a film-forming chamber such as an
adhesion-inhibiting plate due to the dissolution of the constituent
menber in the treating liquid and the constituent members treated
according to the present invention can be used (or reused) over a
considerably increased numbex of times as compared with that obsexrved
when the peeling operation is carried out using a chemical agent.
In addition, this in turn results in the significant reduction of
the processing cost and the protection of the surrounding environment
gince any chemical agent is not used at all in the peeling operation.
Furthermore, the film-forming materials possibly adhered to or
deposited on the constituent members such as an adhesion-inhibiting
plate during the film-forming operation is insoluble in water in
most of cases and the present invention has an advantage in that
recovered after the foregoing peeling procedures is a solid material
having the same composition and form observed for the film-forming
material per se. Moreover, not only the cost required for the
recovery can substantially be reduced, but also the steps required
for the recovery can likewise be simplified and accordingly, the
present invention alsohas suchamerit that it can permit the recovery
of a wide variety of materials. For instance, in the case where a
film-forming material used is or comprises an expensive metal such
as a precious metal or a rare metal, the f£ilm which is inevitably
adhered to a constituent member for a £ilm-forming chamber such as
an adhesion-inhibiting plate during the f£ilwm-forming procedures and
which consists of the film-forming material, can easily be removed
from the constituent member simply by immersing the member in water
or by spraying water vapor on the member if a film consisting of

the water-reactive Al-based composite waterial according to the
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[ 0042] There were blended Al, In and Ti materials in a
predetatuined mxing ratio, then the resulting blend was nelted to
thus nmake the In and Ti materials uniformy disperse in the Al
material and then formed into a rod-1ike shape to thus give a
material for thermal spray. The resulting rod-like material for
thermal spray was thermally sprayed on the surface of a base material

consi st i FEEHREALTKERRIGR tife 2BPRBRD 8T LBRA VP RAsh oL able remsg itverhe

d fl ' i - - - :
Lout 3 TG Pe HRbER, i aRabe 0 ik PR ber F R o e
surface géedihe-Pase MBESHEALG WiRROAL - Ras&thaNetNBl! ¥ny Peaveshibht fon

thus fornmed was then subjected to a heat treatnent at” a tenperature
rangi ng therady .t 0 S3dey (ther tagitnendhewagsesant | Eaventtichopeamétaothe i n
the atnosphere and subsequently the filmwas subjected to furnace
cool i ng) reMPlapechithehedwer Yheeto ppd tad sphperiniife the IMacays Ty efsany y

exposed i the filmf.orm ng process.,Then the solubility, in
wat er ogﬂrﬁ'g%ﬁp}ﬁgs%%t‘?%}nﬁgl 99%%&&?@&’:?“ mwas i nvestigated by
di ppi ng, 143300 TTIL of deionized water naintained at 80C, the base

material provided thereon with the thermally sprayed filmprior to

t he heat treaheeiiesefC)invenaiteivilhpetaiiidet bodestrihel heabré deasient
and then determining the current density of the resulting dipping

| i qui ds. witde refmyenset has tbdt fphbeivisnge Riferende obxard est ©ach#¥erklogg

1. In Fig. 1l,. the heat treatnment tenperature (C) is plotted as

absci ssaB 54 di ssol ution current densi ty (mdcnR) is plotted as
ordi nat erq 431 The results plotted on Fig. 1 clearly indicate
that, in the case of the Al-In-Ti system the solubility of the

resul ti ngrfterRagedekagsrall)y sprayed fil mhas such a tendency that it
shows a substantial change, beginning at an In concentration of about

2% by mass addmateripak ticoulitheymahesmseivubisi pregmrefl biebndiagedin a
thermally sprayed fiilns heat-treated at a_tenperature of not | ess
t han 250¢SE%THednd| g8hiPcafVt BlonRafBtndt FRreRIRdSHi MPd ChADSERE n

Concentrfgéﬁﬁgin%rﬁlend to uniformly disperse the In and Si materialg in
the Al material, and then forming the resulting molten material (4N
Al - 3.0% by mass In - 0.1% by mass 8i, wherein the added amounts
of the In and Si materials are expressed in terms of those relative
to the mass of the Al material) into a rod-1like shape. The resulting
rod-like material for thermal spray was thermally sprayed on the
surface of a base material consisting of Al within the atmospheric
environment according to the rod flame spraying technique (heat
source: CH,-0, gas; temperature: about 3,000°C) to thus give an
Al-based thermally sprayed £ilm on the surface of the base material.
The Al-based thermally sprayed film thus formed was then subjected
to a heat treatment at a temperature ranging from 0 to 350°C (the
treatment was carried out for one hour in the atmosphere and
subsequently the film was subjected to furnace cooling) in place
of the heat history to which the film was possibly exposed during

the film-forming process. Then the solubility, in water, of the
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set at |evels of about 2% by mass and about 3% by mass, respectively.
On the other hand, if the In concentration is |l ess than 2% by nass,
the solubilities of the Al-based thermally sprayed filnms heat-treated
at a tenperature of not |less than 250C are |liable to be reduced. For
this reason, when adding, to an Al -based thermally sprayed film an
el enent having an ability of reducing the solubility of the thermally
sprayed &} thasesiueheanaldy srayiegil YohwiRe fleveateg YV 1ppiags HeudPo
this is not shown,in Fig. 1, the,us f at, a.concentration ranging
from ar TegE S IGTLPEa SR AT AL S9 P ety o B8 HEAD TG F oot RAR B h
3. 5% by i j '
TR i e S e o R i S S
been di scassedoabafitsr | thd NcdmpMdlibndicEpamgeddan thieathentabhy then
sprayed filmand the anmount thereof dispersed in the filmis high,

t he reacd¢teumindhgt tiee Auriyanediarsdtyadf ychepragetiird fipping gh-quids.
when the filmis heat-treated at a high tenperature. In other words,
t here V\D&‘?%O(Te observed such a tendency that the reactivity of the

resulting Al -ha r I d 4] i I LN
more t he condentr s ort [ eRhE] arop LRF GRTER: B Cnd i Bt
in the caserpkhbheoRiLiNALH of itrey all ePasdd theehgl De sieeoenl et Baat
the Al -based thermally sprayed filmheat-treated at a high

t enper at thhe askdansoprat er deslied swmtist adt 81 Wwadlkdubeimiity thef carferdlnot
concentration falls within the range of from about 2 to 3% by m

[ 0046 E&%ﬁc@ig.ita_f ox SALyRkEEYaPLf ifﬁ%T%%ﬂ'ingsbh%VﬂavHéf ﬁp@%ﬁ%aii‘y
e i ng PRERCEY #P% bt "Rt Bhi e, Y ohr i fhe s B

nat eri al §praying technique and prior to the heat treatment. However, there

was observed such a tendency that if the temperature of the heat
treatment is high, for instance, on the order of 250 to 350°C, any
thermally sprayed f£ilm cannot be obtained, which shows practically
acceptable solubility.

[0041]

{Reference Example 2)

In this Reference Example, the effects of the added In and Ti
on the characteristic properties of the following Al-In-Ti
compositions (a) to (d) were investigated, while using 4N Al as the
Al component. The added amounts of In and Ti are expressed in terms
of those relative to the total mass of the Al component used.

(a) 4N Al - 2.1% by mass In - 0.19% by mass Ti;
{b) 4N AL - 1.2% by mass In - 0.18% by mass Ti;
(c) 4N AL - 1.8% by mass In - 0.20% by mass Ti;
() 4N A1l - 3.0% by mass In - 0.17% by mass Ti;
[0042]
There were blended Al, In and Ti materials in a predetermined

mixing ratio, then the resulting blend was melted to thus make the
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in the Al material, and then formng, into a rod-1i ke shape, the
resulting nolten material: 4N Al - 3.0%by mass In - 0.2% by nmass Si
- 0.2% by nmass Ti (wherein the added anpbunts of the In, Si and Ti
materials are expressed in terns of those relative to the mass of the
Al material) . The resulting rod-like material for thermal spray was
t her mal | spra%ed on the surface_of_a base material consisting of Al

within t w?érefréaéﬁm%eﬁ?@hy W&Pn@tteet% naggri-phpEid then

30000 ST AR, A SRR, e He SLPE B PR EAT A bRt
surface girifie base mmg raaelﬂe A

t hus forned "(pseudo deposited fil was I nspected for the relation
bet ween therdzdaly speafate h thertsméacedoi( & besbOhienunl) catsiZE(Ggi of
the atnosphere and the renovability of the film(the tinme required

for the Rentidrinothe htMosORPrdeserviawReh aecosingnferishel Hogl flame
dei oni zed wat.er n,.addi ti on o h sake f conpari son Q
A based RHBRE e Sﬁ%agf%dmﬁﬁ SBORER L. TG B ALCUSS ey kel

t I
(a conventyqppady Al 'e %%&P Al¥g§.t9%@yﬁqazltrrla%ﬁ}(l tyfaggléq 4epgs bheéhe

film ) was separate ced an e peela he resulting
t her mal | yusfrayed Hlid nsanesﬁtlekemse TheVAEShegridethaaearls sgrdyed Felm
sanme net hod used above. [0047] The results thus obtained are

pl ot t ed dems fermed avisethen gublecterd Eog heattireatingst @dr Rotederairef
the heat treatnment carried ouk) at 250C is plotted .a absgl ssa and the
time per?%‘%gj(% FOm O 58i 3380 & 6Fhe hEeRrERRA aﬁfcat%egs%‘% Clebs

on Fio SRR Mg SRatlhinPRAE S0 M ORLb oo %?“seu
deposi t e@o&lir@z CARGkbehss tRETMRE KisBrihes RRSEn keef i B wak podsiBey

when the fil ave been heat-treated over about 160 hours or |onger,

whi | e t hexpbsdshsadingdhealti imsprayied; Proceps eTen déposoiwel Fitym) in

accordi ng to t he 1:ﬁ%esent invention_can be renmpved wi thin apout 30
e

i nré e; i a] Pﬁd d‘cl“haésﬂrfﬁ?ﬁr“ﬁ A %@ﬁiﬁﬁﬂi &1 18 &t 123%S‘F9§ﬁﬁft$d by
t t
HoUL O, PEGPEESUTE Sl I EVEE ALl e B URR L oS 408, Tl bnee

atine perlo hour's
renoved maﬁ&&mag%h&éa RhBYE S mﬁi‘ﬂhtﬂ?e Qaekaapl g@@a@&prﬂm@éﬁr to

equation (y = 014x + 0.2462) as indicated |n Frg.”2 whil e taking

t he for egihe hgat eémdetegnt 10 0C)consiftder dhieammpl@0#a) of the heat treatment
and then determining the current density of the resulting dipping
liquids. The results thus obtained are plotted on the attached Fig.
1. In Fig. 1, the heat treatment temperature (°C) is plotted as
abscissa and the dissolution current density (mA/cm?) is plotted as
ordinate.
[0043]

The results plotted on Fig. 1 clearly indicate that, in the case
of the Al-In-Ti system, the solubility of the resulting Al-based
thermally sprayed f£ilmhas such a tendency that it shows a substantial
change, beginning at an In concentration of about 2% by mass and,
in particular, the solubilities of the Al-based thermally sprayed

films heat-~treated at a temperature of not less than 250°C are almost

identical to one another for the films whose In concentrations are
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Exanpl e 2: A material for thermal spray was prepared by
blending, in a desired mxing ratio, 4N A, In, Si and Ti materials,
nelting the resulting blend to uniformy disperse the In, Si and Ti
materials in the Al material, and then formng, into a rod-Ilike

shape, the resulting nolten material: 4N Al - 3.0%Dby nmass In - 0.58%
by mass Si - 0.18%by nmass Ti, 4N Al - 3.0%by mass In - 0.54%Db

mass Si S®t fﬂ?%%‘ﬂ?lﬁa%%a#mtgr‘ DI mAps ang an F?Es‘%aﬁ% reQPE‘&Z-%’B Y.

T S o0 210 BaRATI { pherg e?agsnaﬂafdggﬁa@ﬂms 25 Y s

and Ti erla S ar e expresse erns 08% ‘Farar

of the ALh&B&lid)itiedhsrr @EQ'M%ééaj“dﬂéfﬁa qn_@el efd)rfltlhl%r EaLu:N
a

spray was sprayed on the surface of a base materl consi sting of
wi t hi n t teesitaabspther tempandatuermefitnaic desdi hhah @Adfe pod izl to be
sprayi ng teckm que (heat source: C2H2-02 gas; tenperature: about

3,0000) ¥odudafs gFe® 'dHch rearpRe pBiel AGIANY hake @t Rérhased Wermpady

filmon the su base materi of _ the

her o | SPSBIY 64T e FRER: 8}’?1%%a%ﬁ%&&agya’%lproe&%ag?ﬁlﬁmﬁu%&;lw

i nspecte i 0
Lo Dan P A e D e B TR e B a6
film (the,tabehsesuitled fior ddie stewevain afidg.hel f ity hseasiverh whenai t
was imersed in deionized water at 80C. In addition, for the sake of
conpar i sencentratipaswmnaingr e Btspeastedoti leacshan abhong 2% Nmags -

(pseuds TbBGF e o it Lo BPar S D G R LEHo1 e FeeecRBpieLy
o s 2T e B SPSAN  LI  36cBtE .
[0044]

As has been discussed above, 1f In is well dispersed in the
thermally sprayed £ilm and the amount therecof dispersed in the £ilm
is high, the reactivity of the Al-based thermally sprayed film is
high even when the film is heat-treated at a high temperature. In
other words, there would be cbserved such a tendency that the
reactivity of the resulting Al-based thermally sprayed £ilm becomes
more higher, the more the concentration of In used is high.
[0045]

Consequently, in the case of the Al1-In-Si-Ti system, it would
be recognized that the Al-based thermally sprayed £ilm heat-treated
at a high temperature shows preferred or satisfactory solubility,
if the In concentration falls within the range of from about 2 to
3% by mass.

[0046]
Example 1:

A material for thermal spray was prepared by blending, in a

desired mixing ratio, 4N Al, In, Si and Ti materials, melting the

resulting blend to uniformly disperse the In, Si and Ti materials
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The results thus obtained are plotted on the attached Fig. 3. In Fig.
3, the time period (hour) of the heat treatnent carried out at 250C
Is plotted as abscissa and the tine period (hour) required for the
renoval of the pseudo deposited filmis plotted as ordinate. As will
be clear fromthe data plotted on Fig. 3, both of the Al -based
thermally sprayed film (pseudo deposited film containing Si in an
amount oinHilghél materinbyeby Fher Eowninge sobwenttodnaikersheamgnnbhebe

renoved from the base materials if_the heat treatnent tine period
exceeds % tli’@omﬂiﬁ‘?% ,maﬁl?FlFi'e Al 4 aée%%%bynﬁ?'f%%pr“a%%ﬁp%ﬂ fpss

(pseudo depog) bedyl il GONI ML, Bhe! dudily AHBUALs fe BEL HOY 3! BAY

0. 5% by Tass dccordi ng e present invention can renmoved from

t he baseriaiffehaklwi 4t RuphesbedAritavhesof fthbbe healt iveeasd nart mhkge
period is up to about 250 hours. [0050] Exanple 3: In

consi deraf itde aff ndesrisdil.t STlebtresnéting mRef-éikacwtEriapl £0R2 theamabus
ki nds of Al -based thermally sprayed filns of an In-Ti system an,

| n- Cu- Ti SBXRY SRS e it lly- SPrayedy SR ehhiqef @ ifichafed SASTy MaANSAL 2y
4N Al as_an .Sour.ce L u 'Qg]é!ﬂ a?gg,i_. ,li]?r I .aye
films ealh™V @}tém%ngge%?ggltfhgr% %ﬁ% 'J’rlﬁer{'a |onlge weertn gga%éé‘:e é%%ug S
of In, Sipeandalirhnd t | LeénQfued hend£s Ukbiinge § hetiRbl Y gas;
sprayed fi(IEm In this rggjﬁ;%gjfr%ébt he adfd&eud anounts of In, C%JEEBSL gﬁg Ti
are expressescatureer aboot BhosE’ dlel@t ithest givbeahobdlbassts tdiertrbé 1l

conponent used. (a) 3N Al - 2.09%by mass_In - 0.1% by mass Ti; éb)
AN Al - spemoethyfidiisen| khe eunfpgepinkds Pppse material. The Al-base

thermally sprayed f£ilm thus formed (pseudo deposited film) was
inspected for the relation between the heat treatment time period
(0 to 500 hours) at 250°C in the atmosphere and the removability
of the £ilm (the time required for the removal of the £ilm) observed
when it was immersed in deionized water at 80°C. In addition, for
the sake of comparison, anAl-based thermally sprayed £ilm consisting
of 5N Al - 3.0% by mass In {(a conventional Al-based thermally sprayed
film (pseudo deposited £film)) was separately produced and the
peelability of the resulting thermally sprayed £ilm was likewise
investigated according to the same method used above.
[0047]

The results thus obtained are plotted on the attached Fig. 2.
In Fig. 2, the time period (hour) of the heat treatment carried out
at 250°C is plotted as abscissa and the time period (hour) required
for the removal of the pseudo deposited £ilm is plotted as ordinate.
As will be clear from the data plotted on Fig. 2, the conventional
Al-based thermally sprayed film (pseudo deposited £ilm) cannot be
removed from the base material at a time when the film have been
heat-treated over about 160 hours or longer, while the Al-based

thermally sprayed film (pseudo deposited film) according to the
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(c) 4N Al - 3.33%by mass In - 0.004% by mass Cu - 0.17% by mass Ti;
(d) 4N Al - 3.09%0by mass In - 0.17%by mass Ti; (e) 3N Al - 3.1% by
mass In - 0.11%by mass Ti; (f) 311 Al - 2.78% by nmass In - 0.11% by
mass Ti; (g) 411 Al - 2.9%by nmass In - 0.12% by mass Si - 0.06% by
mass Ti; (h) 4N A - 2.8%by mass In - 0.22% by mass Si - 0.21% by
mass Ti; (i) 411 Al - 3.0%by mass In - 0.2%by mass Si - 0.13% by
mass Ti :present invention can be removed within about 30 minutes up to the

heat treatment time period of about 250 hours. It would be presumed

that even the Al-based thermally sprayed film heat-treated over a

time period of up to about 400 hours may be removed within about

48 minutes on the basis of the approximate equation (y = 0.0014x

+ 0.2462) as indicated in Fig. 2 while taking the foregoing tendency

into consideration.

[0048]

Example 2:

A material for thermal spray was prepared by blending, in a
degired mixing ratio, 4N Al, In, Si and Ti materials, melting the
resulting blend to uniformly disperse the In, Si and Ti materials
in the Al material, and then forming, into a rod-like shape, the
resulting molten material: 4N Al - 3.0% by mass In -~ 0.58% by mass
Si - 0.18% by mass Ti, 4N Al - 3.0% by mass In - 0.54% by massg Si
- 0.18% by mass Ti, or 4N Al - 2.77% by mass In - 0.42% by mass Si
- 0.21% by mass Ti (wherein the added amounts of the In, Si and Ti
materials are expressed in texrms of those relative to the mass of
the A1l material). The resulting rod-like material for thermal spray
was sprayed on the surface of a base material consisting of A1 within
the atmospheric environment according to the rod flame spraying
technigue (heat source: C,H,-0, gas; temperature: about 3,000°C) to
thus give each corresponding Al-based thermally sprayed £ilm on the
surface of the base material. Each of the Al-based thermally sprayed
films thus formed (pseudo deposited films) was inspected for the
relation between the heat treatment time period (0 to 250 houxs)
at 250°C in the atmosphere and the removability of the film (the
time recuired for the removal of the film) observed when it was

immersed in deionized water at 80°C. In addition, for the sake of

comparison, an Al-based thermally sprayed film consisting of 5N Al
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(j) 411 Al - 2.8%by mass In - 0.28%by nass Si - 0.15% by mass Ti;
(k) 411 Al - 3.0%by mass In - 0.30% by nmass Si - 0.23% by mass Ti;
(1) 411 Al - 3.0%by mass In - 0.21% by nmass Si - 0.21% by mass Ti;
(m 411 Al - 2.0%by mass In - 0.40% by nass Si - 0.17% by mass Ti;
(n) 411 Al - 2.5%by mass In - 0.50% by nmass Si - 0.25% by mass Ti;
(o) 411 Al - 2.0%by mass In - 0.55% by nmass Si - 0.30% by mass Ti;
(p) 411 AR.0%2b8mwans Anséa Igpnveptigwshplrhegedthergal iy sprayed film

bl endi ng(PASHE GeS EBI AT PRI TAr oLy Froardoh il BB laRl v

mel ting 0 . ' | | rs

S\ TSRt R KR EBERved Al A BB SR
of the ra}ﬁgﬁdi&g pel e gmkehtahsd Wded anbed:- | i ke shape. The
resulting rod-like materials for thermal spray each were thermally

sprayed Din4die surface of a base material consisting of Al within the
at nospheric environnent according to the_rod flane sprayi ngﬂ}]t echni que

(heat sour ceThe2rgREsghlus QhpdRat i€ PABLRY SPOBRRCRHE RS G ve-
cach, correR0gnd el RS pUl ReBLY LIS LB Dol 01
formed wes Jbhep sybiseted abousdieah ddeahiBitnetberi dETRELAS HeBuired
ranging fromO to 350C (the treatnent was carried out
for the removal of the pseudo deposited £ilm is plotted as ordinate.
As will be clear from the data plotted on Fig. 3, both of the Al-based
thermally sprayed £ilm (pseudo deposited film) containing Si in an
amount of highexr than 0.5% by mass and the conventional one cannot
be removed from the base materials if the heat treatment time period
exceeds about 160 hours, but the Al-based thermally sprayed f£ilm
(pseudo deposited f£ilm) containing Si in an amount of not more than
0.5% by mass according to the present invention can be removed from
the base material within about 30 minutes if the heat treatment time
period is up to about 250 hours.
[0050]
Example 3:
In consideration of the results obtained in Reference Example
2, various kinds of Al-based thermally sprayed films of an In-Ti
system, an In-Cu-Ti system, and an In-Si-Ti system were prepared
using 3N AL or 4N Al as an Al source and the resulting Al-based
thermally sprayed f£ilms each were inspected for the relation between
the added amounts of In, Si, and Ti and the solubility of the resulting
thermally sprayed £ilm. In this respect, the added amounts of In,
Cu, Si and Ti are expressed in terms of those relative to the total
mass of the Al component used.

{(a}) 3N AL - 2.09% by mass In - 0.1% by mass Ti;
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for one hour in the atnosphere and then the filmwas subjected to
furnace cooling) in place of the heat history to which the filmwould
possi bly be exposed during the filmformng process. Then the
solubility, in water, of each Al -based thernmally sprayed filmwas

i nvestigated by dipping, in 300 tali of deionized water maintained at
80C, each base material provided thereon with each thermally sprayed
filmpriéb)t4NtAe -h@aB% rlisatmasst IR 0C)0 .d3Yabyenashéliconpl eti on of the

heat tre tHEnt nd then, gbeterm' ning the cgr£ent density of_the

resul {1 ndChi Bhifg 1 Paat By TREST E8uT (& ARUSPRIIHTER ar 8- bTbirelo6

t he attalzgjed Fig. 4 for the aforenentioned conpositions (a) to (1)

In Fig. 4, the heat treatnent tenperature ( C) is plotted as abscissa

and the dapsabuli onacoss esf rdeasThY- ((MAGTR) hssPlEt;t ed as ordinate.
(0052] In this respect, it was found that the foregoing

conposi ti{lehs3N @1 and.ih)byhmest in behaMi*obysinas$ dfi;t o t hat observed
for the foregoi ng conposition (kl)lﬁland that the foregoing conpositions
(o) and (§) o%rhér-rg%abﬁ@}a%i | ar0 13 % B¥t "@%3 fried for the

f oregoi ng_co iti.on, As will he cl Jfromthe data
plotted gﬁfl—iiﬁg;?ﬁ&" ﬁl)ltb %%& rét%gdgzéhaﬁo%‘n]tz °§f‘>y |asissl%§tr ou(ﬁ'?sd. b%%afsngés,
the sol ulphj idwy aof —tﬂ%%%rbrﬁé@éj thhergBldy penrayedif L manki g fas iyt
passed the heat treatnment stage is reduced and accordingly, at |east
0. 13% by (irasaN @fl Ti 3 stfodydmbes alided Ot p% tie malzer gal 4 yo .9pkayednddd mi;
This is because_ if the added anpbunt of Ti is less than 0.13% by nass,
t here wollH BEAdbset \A3 by uBRS S TNenderd®f PHatathS1Ar -bdSédoy Heasrllly

the 11 mEbP A prougs BVt Treaubed s BPURTA o aub 0 PKIRR, Brde

ef fect ofyf heq WAPUT LisLp PReseTh Lo I8 8LafdddGiAl TBHS bl maddirh &

if it exceeds 0.25% by
{m) 4N AL - 2.0% by mass In - 0.40% by mass Si - 0.17% by masgs Ti;
(n) 4N Al - 2.5% by mass In - 0.50% by mass Si - 0.25% by mass Ti;
(o) 4N Al -~ 2.0% by mass In - 0.55% by mass Si - 0.30% by masg Ti;
(p) 4N Al - 2.5% by mass In - 0.18% by mass Si - 0.1% by mass Ti.
[0051]

Materials for thermal spray each were prepared by blending, in

a desired mixing ratio, Al, In, 8i, Ti and Cu materials, melting
each of the resulting blends to uniformly disperse the In, Si, Ti
and/or Cu materials in the Al material, and then forming each of
the resulting molten materials into a rod-like shape. The resulting
rod-like materials for thermal spray each were thermally sprayed
on the surface of a base material consisting of Al within the
atmospheric environment according to the rod flame spraying
technicque (heat source: CH,-0, gas; temperature: about 3,000°C) to
thus give each corresponding Al-based thermally sprayed £ilm on the
surface of the base material. Each of the Al-based thermally sprayed

films thus formed was then subjected to a heat treatment at a

temperature ranging from 0 to 350°C (the treatment was carried out
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mass, the Ti conponent is |iable to cause segregation in the Al -based
conposite material and accordingly, when an Al -based thermally
sprayed filmis produced using such a material, the conditions of the
thermally sprayed filmand the visual appearance of the resulting

Al -based thermally sprayed filmare inpaired because of such tendency
of causing segregation. For this reason, the anount of Ti to be

i ncor por E@%Prenbeur hier Ahepatrerrisisoand dhem Ehe a1l waped\driaatpdnke
| th 0.151 by ., . } t | 171 b
oo e, Oy e, L B et i Al Tl

concent r}?cgébﬁ;al ﬂ&w@gg&s daygﬁ% agn & Ur A FHE RS T pLdleTOURRRT +HE

is prefe ot nore than 0.23% by nass, whil e taking the

possi bi | dMusif1ith, S&greaatd, oof idddh Atcoasdd thebbdlly sprayéd fideh wasn,
i f the added anount of Si is less than 0.21 by mass, the ability of
Si to cohtvestigasefeby tdipmipg, winh3 Whmér of ofleidd 2eds HREEH naAntBaned

t her mal | dfilmis liable to be reduced, while if the add
amount. 1 HerDBe oRREBIERE BBy Lot o PEL S 1y B AT g TR 1Y
anou 0 ! | : |
sprayed PTG CRIEREY b thedlopkFoaPbht (BPGHor pAves e gtion |

of desiredl HUBLE ©fcaSmetiidardd Hhent BerHMmikdsgdiie®masehe d@igrlyabr
woul d certainly permt the control of the initial reactivity

(acti vi t yhe péswheing diprsieds Ydwyidel. | Thepregpdd sftitumakitiad heflagejpleot teden
produced according to_the thernmal spray techni que and whi ¢ch has not

been subfRdEd2EEIGREA g £rEQK FERt AEHEMSHTIBPRE g tippe (@) to

| ubi | i f . th ' o Of -
Srount s oF 9 Thafidy %obhe hebl PR LA IR CL) 10B1IGea o
di ssol ut ;196 0fsat BRa iy a8 don iR baYae-ridntnadis o0 (dlenf e ad host tdiekgof

Wi th noisture present in the atnospheric environnent. Moreover, if

t he uppetrdimdtte.of the tenperature of the heat history inevitably
encountered within the filmformng chanber falls within the range of
from abol®%3J0 to 350C, an Al -based thermally sprayed filmhaving a

Ding an Al - ARSERLE desslRra Hubel: SRR Fapl HiHCFoklol Ahlfe 19 oRar™
of In, O(g) tond. BY @hd@%%epﬁjﬁﬁhvfﬁg Hinid alr0 +8- 2RYE b¥pedsEPfscl the

incorporated into the materi al.
foregoing composition (k) and that the foregoing compositions (o)

and (p) show the behavior similar to that cbserved for the foregoing
composition (g) .
{00531

As will be clear from the data plotted on Fig. 4, if the added
amount of Ti is around 0.1% by mass, the solubility of the Al-based
thermally sprayed £ilm which has just passed the heat treatment stage
is reduced and accordingly, at least 0.13% by mass of Ti should be
added to the thermally sprayed film. This is because if the added
amount of Ti is less than 0.13% by mass, there would be observed
such a tendency that the Al-based thermally sprayed f£ilm after the
exposure thereof to the heat history during the film-forming process
has a reduced solubility due to the adverse effect of the impurities

present in the starting Al material, while if it exceeds 0.25% by
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[ 0056] If inmrersing a base material provided thereon with an
excellently water-soluble Al -based thermally sprayed filmof the
foregoing Al-I1n-Si-Ti system which had been subjected to the heat
treatment descri bed above, by imersing it in deionized water

mai ntai ned at a tenperature of 80C, the reaction of the thermally
sprayed filmwith water is initiated imediately after the inmmersion,
whi | e vi gasauthy Tierranremnieny isytidylentgasuandepteydiclarein thehl-bathér
proceeds, the water is bﬁackgned dug to the_ presence of the

preci pi t SPEPHFSoMAERELRL k8N FRREPISLNG e APEBagRIAL HASRE | §REBRA)Rd

filmi . Cyi . . . . ' .
react i on WRErEhE e B vrareah iR bk B pREERLTE, e Dol (RS
di ssol veghd BhWeh£I 1y SORASRAUETTH ¥nd kheGARUBE s$pkdrindd of RRcAleRaseflg
conposite material according to the present invention is reactive

Wi t h wat 21 -Bamadrhamad{lyeprayeflSnjare impaissdhesabee nfdestrtidngdncy
above, the Al-based thermally sprayed filmof the present invention
whi ch haSt| t31515%e AePFegRlr & t hf Sudiiith&eafer ndihes graynt eehfigke had

prior to.,the exposure.thereqf 1o any heat.treatnment should not. hav
by par ¢ HOOT R Ao it Py Py Rn ey fRE Tra TS BB e TheY RaF y
sprayed {ibtanghaup dlé'%a‘bﬁr RAYS 168l mPFrORSEELBSHBHAB L N s £RENSOI 1R bty
thereof in water is high up to a certain point, after the exposure
t her eof hasa vwhéde takdabnbmto cpffbddradixamdie added amounA & stidnyd vwhs
deposited on a base material of alum num %Si ng base materials each
havi ng uBeResnigiationght sinFurdéigadsuidtivse v@-ﬁ*é fyrgheyr thgrpmant of

f wh had b JMth Al -b h |
b ayed FHI IS (REGASTGEIY, RPEKHRSS Etogbrtt CYnTRRE| niiehe FRPAPS. Caelo;
by ”assnégss'i]&rl%%béﬁfr@??s regalidd® M dBseolhe and prepared according

to the thod desCribed in anple 3, over a predetermned tine
peri od agoos4li ng to the sputter filmform ng techni que under the
known conditions (10-3Pa, DC plasma) . Thereafter, each base materi al
carrying a Cirfadadtiens ibrheaddad saghataf $oishesAl tisased hemaskl y

sprayed fjil mof. the bhase material was treated with warmed water
(dei oni 7B R YN thi ARCHEERY SRBeFSRT ey 4. SHE B "ot Tant: 5h8r e

rangi ng e A ' [ ' tQ.t

i nspect %%%?%%%ﬁ%%@ﬁéer eno a%#ﬁa?%/&]?g%&e{c?.l R%%%)%S:aot g?y, St dt' he
pur pose @hiT®NFakhsoldded Ginchink-mwasedd kewesas deasiHiedags, thitre is
Al -based thermally sprayed filmconsisting of 5N Al - 3.0% by mass In
( her eundebsexfest reagh @ aseridegeyethiabndhe Alrebasidi tivheriimetttiey sgmadyddg
film) , _which had been fornmed gn_the sane base material used above,

accor di nBl ik tEEENR LY fIRLRYEEr AT HY TidEhiREEE ShfdtenER dererease.

fil mrengblgg)é'lity t hereof was investigated according to the sane
met hod useé a]bove. The results thus obtained can be summari zed as

fol | ows: The addition of desired amounts of Si and Ti to the Al-based
composite material would certainly pexmit the control of the initial
reactivity (activity) of the Al-based thexmally sprayed f£ilm which
has just been produced according to the thermal spray technique and
which has not been subjected to any heat treatment and, in other
words, the solubility of the thermally sprayed film and the use of
desired amounts of 8i and Ti would accordingly permit the inhibition
of any dissolution of the thermally sprayed £ilm due to the reaction
thereof with moisture present in the atmospheric environment.

Moreover, if the upper limit of the temperature of the heat histoxy
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[ 0059] Test for Estimating Renovability of Sputtered Cu Film
Thi ckness of Al -Based Thermally Sprayed Film 150 to 200pm
Tenperature of Base Material: 280C, Thickness of Sputtered Cu Film
2.5 mm Sputtering Tinme Period: 130 hours. Results of Tests for
Film Condition during Sputter Film Form ng Operation and Those of
Tests for Evaluating Fil mRenovability: In
inevitably encountered within the £ilm-Fforming chamber falls within
the range of from about 300 to 350°C, an Al-based thermally sprayed
£ilm having a practically acceptable solubility can be produced by
forming the same using an Al-based composite material which comprises
2 to 3% by mass of In, 0.2 to 0.5% by mass of Si and 0.13 to 0.25%
by mass of Ti, incorporated into the material.
[0056]

If immersing a base material provided thereon with an
excellently water-soluble Al-based thermally sprayed f£ilm of the
foregoing Al-In-Si-Ti system, which had been subjected to the heat
treatment described asbove, by immersing it in deionized water
maintained at a temperature of 80°C, the reaction of the thermally
sprayed filmwithwater is initiated immediately after the immersion,
while vigorously generating hydrogen gas and if the reaction further
proceeds, the water is blackened due to the presence of the
precipitated Inor the like. Finally, theAl-basedthermally sprayed
film is finely divided into fine particles because of the vigorous
reaction thereof with water and as a result, the Al-based film can
be dissolved inwater. Consequently, it canbe said that the Al-based
composite material according to the present invention is reactive
with water {(water-reactive).

[0057]

As has been described above, the Al-based thermally sprayed £ilm
of the present invention which has just been prepared through the
thermal spray technigque and prior to the exposure thereof to any
heat treatment should not have any particularly high solubility in
water, but the Al-based thermally sprayed £ilm should have physical
properties such that the solubility thereof in water is high up to

a certain point, after the exposure thereof to a heat treatment.

[c058]
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the case of the Al -based thermally sprayed filnms according to the
present invention, there was not observed, during the sputter
filmformng operations , any exfoliation of the sputter-forned
films for both of the uneven and flat base naterials (see attached
Fig. 5 inthis respect, Fig. 5 (a) relates to the case which nade
use of an uneven or rough base material and Fig. 5 (b) relates to the
case whi E¥amikfe 4use of a flat or snmooth base material) , while in the

f th 1 | Al-b th | | d fi th .
Ghacrved, durt R THEY S80S ot PO PRTE OFPALAORY, WM R Bt
th t 2 I f :DQt t f .
mator | 8l (S 0e A BEhea P Va0 TR O FORREaL S, E [ag BrLie

to the casg: Wit GotREE sUBEad) ,alhpReVelirBicd Qlgh bbas ecdbd: A #itAngn
Fig. 6 (b) relates to the case which made use of a flat or snooth
base natatikaged thervefdy woraged afphwt (fvimise sAl tibiakeagsehefmaIOPym)
sprayed filmformed_on FABS surf‘,a%‘(iﬁ of the base terial and proyided
t her eon GPEFEHEISBELIRAN ~C- §F 9% Pespelt ed CofF 6 MaFSwALi 1 OFig. DY 6

(a) and lmh:0 e = : i

f or med 'oﬁgﬁg s l%%‘l ?gﬁ%gjc?%% tgj‘n%(9 %%éé%# erira %gtﬁgg%%%%é%ggﬁ%r?%é%hgﬂ%h
the sputgergdeflal idrddeseprEdRT ©fde apt-ildar nattoHRing $BOWRel Bphtger 6
(b) . Moreover, in the case of the Al -based thermally sprayed film
accor di n§itm- fdmipgdsehnigne entdeotheiknowasdndahiond 410 he, Dielaahngy .
sprayed filmprovided thereon with a sputtfered Cu film could easi Ig

be renovEREBRATGATer SRAY AT BARR-IA GArEYIMBITCH R Ahugokermsd 29
m nut es g&%gret&‘%ap%% %?%]S‘ eﬁﬁiﬁ%@rﬁ?ﬂl&ﬁpﬁrﬁd £:4{ @) R0 a'g%gca%\%}]fg%

easily be renove esu e | Nersion a

in the case ©fedthd GeRKERhANA I wAlerDaaBA NRIITRId Y § PRANAG iebMati &

was found that the thermally sprayed fil mprovided thereon with a

sput t er etlefpefdtmenas 3EVE brpe alagbertit un erarigi naSronmser sedd 1T water

mai nt ai ned at 80C for 3 hours (see the photograph as shown in Fi%a 7
€er

(b) ) and Predgiermdver bibe apdre EQehhwhelndredhasarimerele fow

mai nt ai ned ata(kﬁiggtf Oéh?’ h%érs | n I;Ehg cafe % t he r%segtci n\g.enti an,

it was fbEN YhE" T Hed WRRBFCON at e d i BETHTT A 08 S IR oA EeH

and accopdhnghYm db §9ULH: 8S LBEOYEEE I hd 18288 sed AR Hna EX g8 yaa
film consisting of 5N Al - 3.0% by mass In (hereunder referred to
as “conventional Al-based thermally sprayed film”), which had been
formed on the same base material used above, according to the sputter
film-forming technique and then the film-removability thereof was
investigated according to the same method used above. The results
thus obtained can be summarized as follows:
[0059]

Test for Estimating Removability of Sputtered Cu Film:

Thickness of Al-Based Thermally Sprayed Film: 150 to 200um;
Temperature of Base Material: 280°C;

Thickness of Sputtered Cu Film: 2.5 wm;

Sputtering Time Period: 130 hours.

Results of Tests for Film-Condition during Sputter Film-Forming

Operation and Those of Tests for Evaluating Film-Removability: In
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In this Exanple, the same procedures used in Exanple 4 were repeated
except that an ITOfilmwas formed according to the sputter
filmformng technique instead of the Cu filmused in Exanple 4 and
formed according to the sputter filmformng technique to thus give a
base material carrying an Al -based thermally sprayed fil m provided
thereon with an I TO filmadhered thereto. The base material was then

treated Wie FahS 8hi Fa) Alabereddiisiiprhéy wrayedesi et acerpeind (PethSer
a predeterm ned 1l eriod. to th insp e, Al 5 d.fil [ts
rennvabi?lrﬁet?/e poW‘;terﬁléchPrﬁer ls_l%% F%‘Esér% ? Sﬁ%ﬁe& epz.l%atte nyp;\grEe he
sake of eOIPAHIHQRg RRrEIQAS | BhyerrdeRASIdHRSE O bBer SaiIrReReQlr 11 h8

af orenenti oned conveitional Al -based thermally sprayed film which

had beenfappotédodntite amkeasre el dflbal base catdirngls o sdecapatticel Fng.
technique and the filmrenovability thereof was |ikew se investigated

accor di n§. t¥1 (e ss HREPSRE hdd Jus Bdahmiateshio rida | qaser Whschh pagienage
b i zed foll . [0061] .Test for, Estimmati

Renovabi PSP JFeSst P EeHatr BEP | TSROk RBS S T A CRabBiPeR ERath

Sprayed ELLI o8 (9aL00RMorTal PELatdy %m%f:tﬁaﬁﬁé\%%'ékilgi)ﬁzaﬁﬁ%e in

Thi ckness of Sputtered ITOF Im 0.7 mm Sputtering Tine Period: 72
hours. Ressllcbgedt digstenteatt forallust bageli dnsrGandi tspeaydd Eings Sphikier

Fil mForm ng Operation and Those of Tests for Eval uating

Fi | m Remsaabi dhaarvern t Hariage Wie t Ispubtebasklnifermangy cprrardens,

fiims accordNgste PSR S8t PEENEA P 1ns"E5S viR B 2 aRtv S ana
flat base materials (see attached Fig. 6, in this respect, Fig. 6(a)
relates to the case which made use of an uneven or xrough base material
and Fig. 6(b) relates to the case which made use of a flat or smooth
base material). In other words, a part of the Al-based thermally
sprayed £ilm formed on the surface of the base material and provided
thereon with the sputtered Cu film is peeled off as shown in Fig.
6{a) and the right hand edge of the Al-based thermally sprayed £ilm
formed on the surface of the base material and provided thereon with
the sputtered Cu film is peeled off and turned up as shown in Fig.
6{b). Moreover, in the case of the Al-based thermally sprayed film
according to the present invention, it was found that the thermally
sprayed film provided thereon with a sputtered Cu £ilm could easily
be removed by immersing the same in water maintained at 80°C for
19 minutes (see the photograph as shown in Fig. 7(a)) and it could
easily be removed within 6 minutes upon the immersion at 96°C, while
in the case of the conventional Al-based thermally sprayed film,
it was found that the thermally sprayed film provided thexreon with
a sputtered Cu film was never peeled off when it was immersed in

water maintained at 80°C for 3 hours (see the photograph as shown

in Fig. 7(b)) and it was never peeled off even when it was immersed
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any exfoliation of the resulting filmduring the formation thereof
according to the sputtering technique (see the photograph as shown in
Fig. 8 (a) ) In the case of the conventional Al-based thermally
sprayed films, however, there was observed the peeling off of the
sputter-formed filmduring the filmformng process (see the

phot ograph as shown in Fig. 8 ( Mor eover, |ikew se regarding

b)_)
the Al - bh%é@tﬁﬁé?%%éﬂtﬁﬁn@%raéy%@ ‘?lfPF‘n;3 BEEE? di ﬁ@ e cRee ﬂfeE]é%IPresent
i nvention, it _.was found_tha base er.mal spraved .fi.
o ot otV T HES £ et e PR e Fon e e
ease me@f'ﬂ&ﬁﬁ'aﬂg éécéfli:.\f@l raRi dhaigned Abc&Rred Qrﬂ:ﬂee%e of the
conventional Al-based thermalry sprayed film however, the Al-based

ther mal | yosgolayed fil mwas never removed upon the inmmersion thereof
in water nmaintained at tenperatures of 80C and 96C. In the case of
t he presEwmple/Sntion, it was found t hat the warned water cont ai ned

e AT L O L o)

Exanpl e, Eﬂéf{ glirﬂ ?ﬁé%ﬂ%&%%ﬁﬁggﬁﬂ:ﬁg ﬁﬁ&%@@i

&
for the T ITB.tIOI’l of- an Nb acco ng to the sputtering

t echni queilmtFqrmias ﬁcr&ﬂquéommjeaarbpfcha & £ Lh sRec of dixagple 4 hrd
sputtering technique to thus give each correspondi ng base nateri al
car ryi ngfeymed]l apagedinchbe ridlel gplsqﬁeayéﬁlm-i formpnoiegdet ithe reobhwg ghvan
M filmand the resu#tln base ria was t en treat‘gldf,\ﬁlith )

dei oni zeQ BREESIALFELAL SoFeY 14T 2B g%fe"ﬁ rih EE@B@F’%{‘F & 1 BRev4ded

desired e Gl baﬁﬁ?]:

film forE e @eﬁ%@ggﬁ ity ﬁhn{eggtg ‘té%:rrégtoel Q{ﬁg@%ﬁ gé@éﬁgn
conpar i seheatdt Mathi &ﬁdﬁ%e@ﬂ@.ﬁéf Qﬁbﬁftatlhédsé)lf faﬁ%s@i‘eah@eniperature
af orenenti oned conventional Al-based thermally sprayed film which
had beenoce@pla pdedettcmdnedseimaperiad  teatbos dinsgett thweAlspagedfihy
techni que and the renpvability thereof was |ikew se investigated
accor di n§O¥ 6T Femeyre! HetHarrrtiskr tapeRaionhieread i@ hetus SRKATELY

can be SE@T%Hezgﬁceagf fccc)almlpg\ﬁsoﬁo%?’ho £ilm was deposited on the surface
of the aforementioned conventional Al-based thermally sprayed £ilm,
which had been applied onto a base material, according to the
sputtering technigue and the film-removability thereof was likewise
investigated according to the same method used above. The results
thus obtained can be summarized as follows:
[0061]

Test for Estimating Removability of Sputtered ITC Film:

Thickness of Al-Based Thermally Sprayed Film: 150 to 200um;
Temperature of Base Material: 280°C;

Thickness of Sputtered ITO Film: 0.7 mm;

Sputtering Time Period: 72 hours.

Results of Tests for Evaluating Film-Condition during Sputter

Film-Foxrming Operation and Those o©of Tests for Evaluating

Film-Removability: Tun the case of the Al-based thermally sprayed

films according to the present inventcion, there was not ocbserved
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Test for Estimating Renovability of Sputtered Mo Film Thickness of
Al -Based Thermally Sprayed Film 150 to 200pm Tenperature of Base
Material : 220C, Thi ckness of Sputtered Mo Film 0.7 mm Sputtering
Time Period: 72 hours. Results of Tests for Evaluating Film Condition
during Sputter Film Form ng Operation and Those of Tests for

Eval uating Fi |l m Renpvabilit

- . In_the cagse of the Al -based,thernall
sprayed Y REEeddarirheLt bt FespLeiand 13]3*\/‘31‘?{%”%?11? HeFRakien fhereo
obser ved b . ! i liation
oF T he sacfa i LIS RPUbLE i koA, 286C Fhe Wior ADKCR QS bl
material $n (e s8ihpchednFink cdseidt thbScdiffaR@EbnaFizl.-blsba)tHethAl 8§
to the case ich nmakes use of a flat or snpoth base nmaterial and

Fig. 9 (bprastdtiddmsp hdwevess etirie Wasedlosemed bhe grealnegenf bae the
material) . On the contrary,_in the case of the conventional Al-based
t her mal | §P&pratyd@PeAnd L litheheinds s eFvats foguinhgrraecsputtee the

filmform ' faljati f er-f d fil
bot 1 of PREEREELs Afidum THEAY 3 1 bty aR iRt 88 FRCarhiAD £hd'
respecti M@lﬂaséd‘tﬁéﬂiélil%pﬂag{em 1Rt o R0 R aRSSrdedharAimhaged

thermal |y sprayed film according to the preséent invention, that the
Al - basedit heasafbynd prisyred el Ri-paosd digekidzdd gospwaidd af S tgernddedb
filmcould easily be renoved by i mersing the same in water

mai nt ai NEECEROBYCLR G GHP FRABEGTLRI FiAD €31 Ccbe neNevpA stiddr apts wasn

shown in,Figs., 10 ,(a)., , .1Q(b) and 10 ) ntrary.to this, .in the
case of | HHEREHR AT hI A FBAHE TR Xy 08 FHPCatRoot ok

t her mal | : i Layided i ;@S d i

coul d not TRl et Rk e SRk s PWELE D A tked
at 80C atHe&l1l/ 8Pbkled film whB ridied conment wpdh thedimmkdeapn Hhewsothe
condition of the Al-based thermally sprayed fil m provided thereon
with a spotiedeadmpbntdingd ahedimpesbyunts of BRECiandePei®n Thethicarn
dei oni zed ter maintained at a tenperature of 80C Fiv?a.r }EO b ngws

Lhe condPELOR BF°Eb ‘SXRBC AP AL S8 LAY S B/
duri t i i-t5h ‘ Fi.Q.q
cond £1 oL EFaE TS AL Eanat (e o by et Thos e, P 2a0

with a sphftenhad Mo tebdvdred enerMedads om t he base materi al
(substrate) . At this stage, it was found that the warnmed water

cont ai nedo@sZlci pi t ates of Al OOH and accordingly, residual M could be

recovered w th ease.
Example 6:

In this Example, the same procedures used in Example 4 were
repeated except for the formation of an Mo film according to the
sputtering technique, inplace of the formation of a Cu filmaccording
to the sputtering technique to thus give each corresponding base
material carrying an Al-based thermally sprayed film provided
thereon with an Mo £ilm and the resulting base material was then
treated with deionized water maintained at a predetermined
temperature over a desired time period to thus inspect the Al-based
thermally sprayed film for the removability thereof. Separately,
for the sake of comparison, an Mo f£ilm was deposited on the surface
of the aforementioned conventional Al-based thermally sprayed £film,

which had been applied onto a base material, according to the
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[ 00653 Exampl e 7: In this Exanple, there were inspected

Al -based thermally sprayed filns for the weatherability thereof using
a base material consisting of alum num (40mx40mx20Or nm t hi ck) whose
surface had been covered with an Al -based thermally sprayed film
(filmthickness: 200pm) consisting of 4N Al - 3.0%by mass In - 0.2%
by mass Si - 0.2%by mass Ti prepared according to the methad

di scl ose@Ptn- %It@cfnlg‘ﬁet‘?ﬁi% PR peRiovaPRd 1HE s Eheigiofe AL ATKRY 16 Re
weat her abhiLLydised JeL Bl GODThBCe LR BLERS Al LOMOIUGLNG Eashs

sanple in nperatu hlm rmace Whic
set at athQIMYRLiNEs 8in40C Ahfadisel ald ve1hewsdity of 85% (859%RH)
then allowing the sanple to stand over 6 hours and subsequently
visual | y [0®&}lecting the surface conditions thereof. In addition, for

the purpose of conparison, the Al -based thernally sﬂg}rayed film
consi st | AgShfLoINES 1mamm%w0?fﬁbkhw(0£ SeutEershiiel FAlhased

th | d fil t ed .f th

e b, PEPE) B pYoR R L RaS e Bt S e 2oy,
obtai ned areg g bheaééé %Faf&%glglgszzol% (a-1) , (a-2) , (b-1) and
(b-2) , respectively. I'n the case of the conventi onal

Al - based thEhmtrlas5pra$pdtffeﬁau Mbhei Bmwas. Main; observed the formation
of any dark spot on the surface of the base materlal prior to the
weat her abi | 5P‘yt1i@‘s'ltn9( Fawet Frerighbt Garh@h‘—‘%s shown in Fig. 11 (a-1) ) ,
but it s f f dark spots werefgrrred
on the s | SSRGS Lzl 2 B} 1 BF !
V‘Cﬁﬁt t‘g:a‘?iid\t%ofrﬁ%b( °§ra£€5?orph gr%ﬁ 5@ SHOWLELD. £dd ( reu
accor di nglm—gém\@b@&eﬂy: | mviefhe @asel bf Vs a0Rbasaddhblfabl By \spdakkd
spot was not generated on the surface of neither the base materi al
prior tofihes esordong titathobpresred ahventidve there (usa@emt hebserved,

Thus, i nOURUE 536 TS W LB PRGN Sabr AU R ekt RIS o
the Dr esgnl { /OALLON. i MLER S, JS,aUIEt i dn 88, { Quad LAl e

thernal | y"spraye can be stor over ong perio

it is neygée ageanpad g by, therHier padpeit , Oflgmﬁ (dprle18Pes to the case
Accordingly, it would be concl uded that the use of this Al -based

t her nal | yhigh aykes hse miresidt srismobhk besagiaterasl endedgetd (bn wflathe

possibility of generating particles during the filmform ng;
oper at i ohg the case which makes use of an wieven base material

On the
contrary, in the case of the conventional Al-based thermally sprayed
films, thexe was oObserved, during the sputter £f£ilm-forming
operations, exfoliation of the sputter-£formed films for both of the
cases which made use of uneven and £lat base materials, respectively.
In addition, it was found, in the case of the Al-based thermally
sprayed film according to the present invention, that the Al-based
thermally sprayed film provided thereon with a sputtered Mo film
could eagily be removed by immersing the same in water maintained
at 80°C for only about 8 minutes (see the photographs as shown in
Figs. 10(a), 10(b) and 10(c)). Contrary to thisg, in the case of the
conventional Al-based thermally sprayed £ilm, the thermally sprayed

film provided thereon with a sputtered Mo £ilm could not be removed
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| ndustrial Applicability [0067] I f covering, with an Al -based
thermal |y sprayed filmconsisting of the water-reactive Al -based
thermally sprayed fil maccording to the present invention, the
surface of a constituent nenber for a filmform ng chanber to be

pl aced within a vacuumfilmform ng apparatus used for formng a thin

filmof a nmetal or a netal conpound according to, for [nstance, the
sput t er i BEER SRIGH dieWas HEMREFSEEni i SRsan Menntenad qre80{Reand 96°C.

i on-pl ati 601(9 ‘%]echni gue, or the CVD technique, any filminevitably
adher ed t[ %He surface of this constituent menber for a filmforn ng

chanber duri ng, th of idoAhECFIBNY BILCABT 2T ABERs F EOVESRA th¥nt BE the
renoval thereof in a water-containiing atnosphere. For this reason,

t he presabtbdagecenheomaian sbeays@diilm phevides dhebeah witkes syseteted
these fil mform ng apparatuses, for instance, the technical fields

such as Madidanivwtiriedy aftearihe ramergéenriheyerteinseanpizek vater
o ectr kRt shaled. el et ) apks, A WPalTeRsss e e HIbeL |
;rgfg?’g.r B%E%é :%Hrrgel()%ﬁ‘r—rg s?cgf&{éﬁ{al‘i‘g}' EBr&A0 FiNs WBEEPHST VRIMAB! Ehe
reaction thereof with water and Fig. 10(c) shows such a condition
that the Al-based thermally sprayed f£ilm provided thereon with a
sputtered Mo film is removed from the base material (substrate).
At this stage, it was found that the warmed water contained
precipitates of A1O0H and accordingly, residual Mo couldbe recovered
with ease.
{0065]
Example 7:

In this Example, there were inspected Al-based thermally
sprayed films for the weatherability thereof using a base material
consisting of aluminum (40mmx40mmx20mmn thick) whose surface had been
covered with an Al-based thermally sprayed film (film thickness:
200um) consisting of 4N Al - 3.0% by mass In - 0.2% by mass Si -
0.2% by mass Ti prepared according to the method disclosed in Example
1. Inthis respect, the test for evaluating the weatherability used
herein comprises the steps of introducing each sample into a
temperature- and humidity-controlled furnace which was set at a
temperature of 40°C and a relative humidity of 85% (85%RH), then
allowing the sample to stand over 6 hours and subsequently visually
inspecting the surface conditions thereof. In addition, for the
purpose of comparison, the Al-based thermally sprayed film
consisting of 5N Al - 3.0% by mass In (a conventional Al-based

thermally sprayed film) was likewise inspected for the
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1. Awater-reactive Al -based conposite material characterized by the
I ncorporation, into Al, of 2.0 to 3.5%by mass of In, 0.2 to 0.5% by
mass of Si, and 0.13 to 0.25% by nass of Ti on the basis of the total
anount of Al. 2. A nmethod for the production of a water-reactive
Al -based thermally sprayed filmcharacterized in that it conprises

the steps of nelting a material caonprising Al, and 2.0 to 3.5%Db
mass of W‘?ﬁtf@r?b%lgl@%cﬁ?gh‘a% §°o‘¥hr%?°5‘?ﬁf”61.91‘§e‘%a}5’do. 2%@}8 B§S "s%tﬁ‘f‘s
Ti, on't ' t a i,ch,ar e __ncor porat
i ot e et s it B el RR N pls, Y@M T, B S,
a uni f or poonpesishbeenivéRerml ly spraying the nolten material on the
surface of a substrate, while quenching the sprayed nolten materi al
to thus seédlify the same and to thereby forma film 3. A

wat er-reactive Al -based thermally sprageg filmcharacterized in. that

it consists of Eha\gRes Of sheqaryentl CHHTOSF i R Ly SPRpYed fddp

forth in.claiml. 4..A co ' I i f ' er
of a fil ¥t Hﬁﬁdwatp%?%’f‘{?sr&s b AR TR ET “’tr{%{ ek ié_pgli:s&{') ?*&5?%%%9‘% h
a wat er - seaghd Viea Al -1RARdal NBEIBE | Yo AR thish-Bby 6h €S| @kt ehea
wat er-reactive Al -based conposite material as set forth in claim1l or
a wat er - plesteddnepbAlasbabednt ier Fibd | yis@-ayed but mipresk cieodmel cbadi ag

to a method as set forth in claim2, on the surface thereof. 5. The

const i t ubmrumarAide Prber P daxlo SPPRg Warenbermed cgethe gurface of the

base material after the completion of the weatherability test (see

the photograph as shown Fig. 11(a-2)). Contrary tothis, in the case
of the Al-based thermally sprayed f£ilm according to the present
invention, it was confirmed that any dark spot was not generated
on the surface of neither the base material prior to the test nor
that obtained after the test (see, the photographs as show in Figs.
11{b-1) and 11 (b-2) respectively). Thus, inthe case of the Al-based
thermally sprayed film according to the present invention, to which
S8i was added, it was found that the thermally sprayed f£ilm can be
stored over a long period of time and it is never accompanied by
the formation of any dark spot. Accordingly, it would be concluded
that the use of this Al-based thermally sprayed £ilm results in the
considerable reduction of the possibility of generating particles
during the film-forming operations.

Industrial Applicability

[o057]

If covering, with an Al-based thermally sprayed film consisting
of the water-reactive Al-based thermally sprayed f£ilm according to
the present invention, the surface of a constituent member for a
film-forming chamber to be placed within a vacuum film-£forming

apparatus used for forming a thin film of a metal or a metal compound
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in claim4, wherein it is an adhesion-inhibiting plate, a shutter or

a nask.

according to, for instance, the sputtering technique, the vacuum
deposition technique, the ion-plating technique, or the CVD
technique, any f£ilm inevitably adhered to the surface of this
constituent member for a film-forming chamber during the
film-forming process can be recovered by the removal thereof in a
water-containing atmosphere. For this reason, the present
invention can be used in the field which makes use of these
film-forming apparatuses, for instance, the technical fields such
as the semiconductor element-manufacturing fields and the
electronics-related machinery and tools to thus increase the number
of reuse of the constituent members for a film-forming chamber and
to recover any film-forming material which contains various valuable

nmetals.
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What iz claimed is:

1. A watexr-reactive Al-based composite material characterized by
the incorporation, into Al, of 2.0 to 3.5% by mass of In, 0.2 to
0.5% by mass of Si, and 0.13 to 0.25% by mass of Ti on the basis
of the total amount of Al.

2. A method for the production of a water-reactive Al-based
thermally sprayed film characterized in that it comprises the steps
of melting a material comprising Al, and 2.0 to 3.5% by mass of In,
0.2 to 0.5% by mass of Si and 0.13 to 0.25% by mass of Ti, on the
basis of the total amount of Al, which are incorporated into the
Al, in such a manner that the resulting molten material has a uniform
composition; thermally spraying the molten material on the surface
of a substrate, while quenching the sprayed molten material to thus
s0l1idify the same and to thereby form a film.

3. Awater-reactive Al-based thermally sprayed £ilm characterized
in that it consists of a water-reactive Al-based composite material
as set forth in claim 1.

4. A constituent member for a film-forming chamber of a
film-forming apparatus characterized in that it is provided with
a water-reactive Al-based thermally sprayed f£ilm which consists of
a water-reactive Al-based composite material as set forth in c¢laim
1 or a water-reactive Al-based thermally sprayed film produced
according to a method as set forth in ¢laim 2, on the surface thereof.
5. The constituent member for a film-forming chamber as set forth
in claim 4, wherein it is an adhesion-inhibiting plate, a shutter

or a mask,
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